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PREFACE 



This volume takes the place of the author's Lessons in Botanh 
^ND Ybgetablb Physiolooy, published over a quarter of a cen- 
tury ago. It is coustructed on the same lines, and is a kind 
of new and much revised edition of that successful work. While 
in some respects more extended, it is also more concise and terse 
than its predecessor. This should the better fit it for its purpose 
now that competent teachers are common. They may in many cases 
develop paragraphs into lectures, and fully illustrate points which 
are barely, but it is hoped clearly, stated. Indeed, even for those 
without a teacher, it may be that a condensed is better than a 
diffuse exposition. 

The book is adapted to the higher schools, " How Plants Grow 
and Behave ** being the " Botany for Young People and Common 
Schools." It is intended to ground beginners in Structural Botany 
and the principles of vegetable life, mainly as concerns Flowering 
or Phanerogamous plants, with which botanical instruction should 
always begin ; also to be a companion and interpreter to the Man- 
uals and Floras by which the student threads his flowery way to 
a clear knowledge of the surrounding vegetable creation. Such a 
book, like a grammar, must needs abound in technical words, 
which thus arrayed may seem formidable ; nevertheless, if rightly 
apprehended, this treatise should teach that the study of bot- 
any is not the learning of names and terms, but the acquisition 
of knowledge and ideas. No effort should be made to com- 
mit technical terms to memory. Any term used in describing a 
plant or explaining its structure can be looked up when it is 
wanted, and that should suffice. On the other hand, plans of 



iv PREFACE. 

structure, types, adaptations, and modifications, once understood, 
are not readily forgotten ; and they give meaning and interest to 
the technical terms used in explaining them. 

In these '* Elements" naturally no mention has been made of 
certain terms and names which recent cryptogamically-minded 
botanists, with lack of proportion and just perspective, are en- 
deavoring to introduce into phanerogamous botany, and which are 
not needed nor appropriate, even in more advanced works, for the 
adequate recognition of the ascertained analogies and homologies. 

As this volume will be the grammar and dictionary to more than 
one or two Manuals, Floras, etc., the particular directions for pro- 
cedure which were given in the " First Lessons " are now relegated 
to those works themselves, which in their new editions will pro- 
vide the requisite explanations. On the other hand, in view of 
such extended use, the Glossary at the end of this book has been 
considerably enlarged. It will be found to include not merely the 
common terms of botanical description but also many which aro 
unusual or obsolete ; yet any of them may now and then be encoun- 
tered. Moreover, no small number of the Latin and Greek words 
which form the whole or part of the commoner specific names are 
added to this Glossary, some in an Anglicized, others in their Latin 
form. This may be helpful to students with small Latin and less 
Greek, in catching the meaning of a botanical name or term. 

The illustrations in this volume are largely increased in number. 
They are mostly from the hand of Isaac Sprague. 

It happens that the title chosen for this book is that of the 
author's earliest publication, in the year 1836, of which copies are 
rarely seen ; so that no inconvenience is likely to arise from the 
present use of the name. 

ASA GRAY. 

Cambridge, Massachusetts, 
March, 1887^ 
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ELEMENTS OF BOTANY. 



Section I. INTKODUCTORT. 

1. Botany is the name of the science of the vegetable kingdom in 
general ; that is, of plants. 

2. Plants may be studied as to their kinds and relationships. This 
study is Systematic Botany. An enumeration of the kinds of vegetables, 
as far as known, classified according to their various degrees of resemblance 
or difference, constitutes a general System of plants. A similar account of 
the vegetables of any particular country or district is called a Flora. 

3. Plants may be studied as to their structure and parts. This is 
Structural Botany, or Organography. The study of the organs or 
part.s of plants in regard to the different forms and different uses which 
the same kind of organ may assume, — the comparison, for instance, of 

a flower-leaf or a bud-scale with a common leaf, — is Vegetable Mor- ^ 

PHOLOGY, or Morphological Botany. The study of the minute structure 
of the parts, to learn by the microscope what they themselves are formed / 

of, is Vegetable Anatomy, or Histology ; in other words, it is Micro- 
scopical Structural Botany. The study of the actions of plants or of their 
parts, of the ways in which a plant lives, grows, and acts, is the province 
of Physiological Botany, or Vegetable Physiology. 

4. This book is to teach the outlines of Structural Botany and of the 
simpler parts of the physiology of plants, that it may be known how 
plants are constructed and adapted to their surroundings, and how they 
live, move, propagate, and have their being in an existence no less real, 
although more simple, than that of the animal creation which they support. 
Particularly, this book is to teach the principles of the structure and rela- 
tionships of plants, the nature and names of their parts and their modifica- 
tions, and so to prepare for the study of Systematic Botany ; in which tlie 
learner may ascertain the name and the place in the system of any or all 
of the ordinary plants within reach, whether wild or cultivated. And in 
ascertaining the name of any plant, the student, if rightly taught, will come 
to know all about its general or particular structure, rank, and relationship 
to other plants. 
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5 The vegetable kingdom is so vast and various, and the difference is 
80 wide between ordinary trees, shrubs, and herbs on the one hand, and 
mosses, moulds, and such like on the other, that it is hardly possible to 
frame an intelligible account of plants as a whole without contradictions 
or misstatements, or endless and troublesome qualifications. If we say 
that plants come from seeds, bear flowers, and have roots, stems, and 
leaves, this is not true of the lower orders. It is best for the beginner, 
therefore, to treat of the higher orders of plants by themselves, without 
particular reference to the lower. 

6. Let it be understood, accordingly, that there is a higher and a lower 
series of plants ; namely : — 

Phanekooamous Plants, which come from seed and bear flowers^ es- 
sentially stamens and pistils, through the co-operation of which seed is 
produced. For shortness, these are commonly called Phanerogams, or 
PhanogafMy or by the equivalent English name of Flowering Plants.* 

Grtptogamous Plants, or Cryptogams, come from minute bodies, which 
answer to seeds, but are of much simpler structure, and such plants have 
not stamens and pistils. Therefore they are called in English Flowerless 
Plants. Such are Ferns, Mosses, Algae or Seaweeds, Fungi, etc. These 
sorts have each to be studied separately^ for each class or order has a plan 
of its own. 

7. But Phanerogamous, or Flowering, Plants are all constructed on one 
plan, or tifpe. That is, taking almost any ordinary herb, shrub, or tree for 
a pattern, it will exemplify the whole series : the parts of one plant answer 
to the parts of any other, with only certain differences in particulars. And 
the occupation and the delight of the scientific botanist is in tracing out 
this common plan, in detecting the likenesses under all the diversities, and 
in noting the meaning of these manifold diversities. So the attentive study 
of any one plant, from its growth out of the seed to the flowering and 
fruiting state and the production of seed like to that from which the plant 
grew, would not only give a correct general idea of the structure, growth, 
and characteristics of Flowering Plants in general, but also serve as a pat- 
tern or standard of comparison. Some plants will serve this purpose of a 
pattern much better than others. A proper pattern will be one that is 
perfect in the sense of having all the principal parts of a phanerogamous 
plant, and simple and regular in having these parts free from complications 
or disguises. The common Flax-plant may very well serve this purpose. 
Being an annual, it has the advantage of being easily raised and carried 
in a short time through its circle of existence, from seedling to fruit and 
seed. 

* The name is sometimes Phanerogamous y sometimes Phanogamous {PAanero* 
patM, or Phanogams), terms of the same meaning etymologically ; the former of 
preferable form, bat the latter shorter. The meaning of sach terms is explained 
in the Glosaarv 
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Section IL FLAX AS A PATTEEN PLANT. 

8. Qrowth from the Seed. Phanerogamous plants grow from seed, 
and their flowers are destined to the production of seeds. A seed has a 
rudimentary plant ready formed in it, — sometimes with the two most 
essential parts, i. e. stem and leaf, plainly discernible ; sometimes with no 
obvious distinction of organs until germination begins. This incipient 
plant is called an Embryo. 

9. In this section the Flax-plant is taken as a specimen, or type, and 
the development and history of common plants in general is illustrated by 
it. In flax-seed the embryo nearly fills the coats, but not quite. There 
is a small deposit of nourishment between the seed-coat and the embryo : 
this may for the present be left out of the account. This embryo consists 
of a pair of leaves, pressed together face to face, and attached to an ex- 
tremely short stem. (Fig. 2-4.) In this rudimentary condition the real 
nature of the parts is not at once apparent ; but when the seed grows they 
promptly reveal their character, — as the accompanying figures (Fig. 5-7) 
show. 






8 



10. Before the nature of these parts in the seed was altogether under- 
stood, technical names were given to them, which are still in use. These 
initial leaves were named Cotyledons. The initial stem on which they 
stand was called the Radicle. That was because it gives rise to the first 
root; but, as it is really the beginning of the stem, and because it is the 
stem that produces the root and not the root that produces the stem, it is 
better to name it the Cauliclb. Recently it has been named Hypocotyle; 
Vhich signifies sometliing below the cotyledons, without pronouncing 'vvhat 
its nature is. 



Fio. 1. Pod of Flax. 2. Section lengthwise, showing two of the seeds; one whole, 
the other cut half away, bringing contained embryo into view. 3. Similar section 
of a iiax-seed more magnified and divided flatwise; turned round, so that the' 
stem-end (caulicle) of the embryo is below: the whole broad upper part is th« 
inner face of one of the cotyledons; the minute nick at its base is the plumule. 
4. Similar section through a seed turned edgewise, showing the thickness of the 
cotyledons, and the minute plumule between them, i. e. the minute bud on the 
upper end of the caulicle. 
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11. On oommifcting these seeds to moist and warm soil tbey soon sprout, 
1. e. germinate. The very short stem-part of the embryo is the first tc 
grow. It lengthens, protrudes its root-end ; this turns downward, if not 
already pointing in that direction, and while it is lengthening a root forms 
at its point and grows downward into the ground. This root continues to 
grow on from its lower end, and thus insinuates itself and 
penetrates into the soil. The stem meanwhile is adding 
to its length throughout ; it erects itself, and, seeking the 
Hght, brings the seed up out of the ground. The mate- 
rials for this growth have been supplied by the cotyledons 
or seed-leaves, still in the seed : it was the store of nour- 
ishing material they held which gave them their thickish 
shape, so unlike that of ordinary leaves. Now, relieved of 
a part of this store of food, which has formed the growth by 
which they have been raised into the air 
and light, they appropriate the remain- 
der to their own growth. In enlarging 
they open and throw off the seed-husk ; 
they expand, diverge into a horizontal 
position, turn green, and thus become 
a pair of evident leaves, the first foliage 
of a tiny plant. This seedling, although 
diminutive and most simple, possesses 
and puts into use, all the Organs of 
Vegetation, namely, root, stem, and 
leaves, each in its proper element, — the 
root in the soil, the stem rising out of 
it, the leaves in the light and open air. 
It now draws in moisture and some 
food-materials from the soil by its root, 

conveys this through the stem into the leaves, where these materials, along 
with other crude food which these imbibe from the air, are assimilated into 
vegetable matter, i. e. into the material for further growth. 

12. Further Growth soon proceeds to the formation of new parts, — 
downward in the production of more root, or of branches of the main root» 
upward in the development of more stem and leaves. That from which a 
stem with its leaves is continued, or a new stem (L e. branch) originated, is 
a Bud. The most conspicuous and familiar buds are those of most shrubs 
and trees, bearing buds formed in summer or autumn, to grow the following 

Fig. 5. Early Flax seedling ; stem (caulicle), root at lower end, expanded seed- 
leaves (cotyledons) at the other: minute bud (plnmule) between these. 6. Same 
later; the bud developed into second pair of leaves, with hardly any stem-part be- 
low them; then into a third pair of leaves, raised on a short joint of stem; and a 
fifth leaf also showing. 7. Same still older, with more leaves devploped, but these 
singly (one after another), and with joints of stem between them 
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spring. But every such point for neir growth may equally bear the name. 
When there is such & buii between the cotyledooa in tlie seed or seedling 
itisealied the Pluuule. This is couspicuoua enough in a beau (Fig. 39.), 
where the jouug leaf of the new growth looks lilte a little plume, whence thn 
OAoii, plumule, in flai-seed this is very minute indeed, but is discernible 
with a muguilier, and in the seedling it shiWs itself distinctly (Fig. S, 6, 7) 

13. As it grows it shapes itself into a seeoud pair of leases, which o( 
course rests ou a seeoud joint of stem, althouglj iu this instance that remains 
too sliort to be well seen. Upon its 
summit appears the third pair of 
leaves, soon to be raised upon itb 
properjoiut of stem; the next leaf is 
flingle, and is carried up still further 
upon its supporting joint of stem ; 
and so on. The root, meanwhile, 
continues lo grow underground, not 
joint after joint, but continuously, 
from its lower end ; and commonly 
it before long multiplies itself by 
branches, which lengtiien by the 
same continuous growth. But 
stems are built up by a succession 
of leaf-bearing growths, such as are 
strongly marked in a reed or corn- 
stalk, and less so in such an herb as 
FlaK. The word "joint" is ambigu- 
ous: it may mean cither the portion 
between successive leaves, or their 
junction, where the leaves are at- 
tached. For precision, therefore, 
the place where the leaf or leaves 
are borne is called a Nodk, and the 
naked interval between two nodes, 
an Ikte RHODE, 

14. In this way a simple stem 
with its garniture of leaves is de< 
veloped from the seed. But besides 

this direct continuation, buds may form and develop into lateral iit'jms, that 
is, ittio branches, from any node. The proper origin of branches ia from 
the Axil of a leaf, i. e, the angle between leaf and stem on the upper side j 
and branches may again branch, so building up the herb, shrub, or tree. 
But sooner or later, and without long delay in on annual lilie Flax, instead 
of this continuance of mere vegetation, reptoduotion is prepared for by 

FiQ- 8. Tlniier part of Tiax-plant in blossom. 
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15. Blosaomliig. In Flax the flowers make tbeit appearance at the 
end of the stem and branches. The growth, which otherwise might cod- 
tiune them farther or indefinitely, now takes the form of blossom, and is 
SDbserrient to Die production of seed. 

16. Tlie Flower of i>'Iax consbte, flrat, of five small greea leaves, 
crowded into a circle: this is the Calix, or flowe>«up. Wheu ita sepa- 
rate leaves are referred to they are called Serkia, a Dane which distin- 
guishes them from foliage-leaves on tlje one Laud, and Irom petab on the 
other. Then come five delicate and colored leaves (in the Flax, blue), which 
form the Coaolla, and its leaves are Pbialb; then a circle of otgaus, iu 




irhich all Ukeness to leaves is lost, consisting of slender stalks with a knob 
at summit, the Stamens; and lastly, in the centre, the roanded body, 
which becomes a pod, surmounted by five slender or stalk-like bodies. 
This, all together, is the Pistil, The lower part of it, whicli is to oonlaiu the 
seeds, is tlieOvART ; the slender organs sui-mounting this arc Stiles; the 
knob borne on the apex of each style is a Stigma. Goiug l)ack to the sta- 
mens, these are of two parts, viz. the slalk, called Filament, and the body 
it bears, the Anther. Anthers are filled with Pollen, a powdeiy sub- 
stance made up of miuutre grains, 

17. The pollen shed from the anthers when they open falls upon or is 
conveyed to the stigmas ; then the pollen-gi'ahis set up a kind of growth (to 
be discerned only by aid of a good microscope), which penetrates tiie style : 
thb growth takes the form of a thread more delicate than the finest spider's 
web, and reaches the bodies which are to become seeds (Ovules they are 
called until this change occurs) ; these, touched by this influence, are in- 
cited to a new growth within, which becomes an embryo. So, as the ovary 
ripeus into the seed-pod or capsule (Fig, 1, etc.) containing seeds, each 
seed enclosing a rudimentary new plantlet, the round of this vegetable 
eiislencc is completed. 

Fio. 9. Flai-flowen atjout natural size. 10. Section of a flower moderalcl}' 
enlarged, sliowing a part of the petals and stamens, all five styka, and t section 
of ovary with two ovules cr rudimentary seeds. 
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Section III. MOBPHOLOGY OP SEEDLINGS. 

18. Having obtained a general idea of the growth and parts of a pha- 
nerogamous plant from the common Flax of the field, tlie seeds and seed- 
lings of other familiar plants may be taken up^ and their variations from the 
assumed pattern examined. 

19. Germinating Maples are excellent to begin with, the parts being 
80 much larger than in Flax that a common magnifying glass, although 
convenient, is hardly necessary. The only disadvantage is that fresh seeds 
are not readily to be had at all seasons. 

20. The seeds of Sugar Maple ripen at the end of summer, and germi- 
nate in early spring. The em- 
bryo fills the whole seed, in 
which it is nicely packed ; and 
the nature of the parts is ob- 
vious even before growth begins. 
There is a stemlet (caulicle) and 
a pair of long and narrow seed- 
leaves (cotyledons), doubled up and coiled, green even in the seed, and in 
germination at once unfolding into the first pair of foliage4eaves, though 
of shape quite unlike those that follow. 

21. Red Maple seeds are ripe and ready to germinate at the beginning of 
summer, and are therefore more convenient for study. The cotyledons are 
crumpled in the seed, and not easy to straighten out until they unfold them* 
selves in germination. The story of their development into the seedling is 
told by the accompanying Fig. 14-20 ; and that of Sugar Maple is closely 
similar. No plumule or bud appears in the embryo of these two Maples 
until the seed-leaves have nearly attained their full growth and are acting 
as foliage-leaves, and until a root is formed below. There is no great store 
of nourishment in these thin cotyledons ; so further growth has to wait 
until the root and seed-leaves have collected and elaborated sufficient ma- 
terial for the formation of the second intemode and its pair of leaves, 
which lending their help the third pair is more promptly produced, and 
so on. 

22. Some change in the plan comes with the Silver or Soft White Maple. 
(Fig. 21-25). This blossoms in earliest spring, and it drops its large and 
ripened keys only a few weeks later. Its cotyledons have not at all the 
appearance of leaves ; they are short and broad, and (as there is no room 
to be saved by folding) they are straight, except a small fold at the top, — 
a vestige of the habit of Maples in general. Their unusual thickness is due 

Fio. 11. Embryo of Sugar Maple, cut through lengthwise and taken out of the 
•eed. 12, 18. Whole embryo of same just begimiiDg to grow; a, the stemlet or 
caulicle, which in 13 has considerably lengthened. 
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to the large store of nutritive matter they contain, and this prevents their 
developing into actual leaves. Correspondingly, their caulicle does not 
lengthen to elevate them above the surface of the soil ; the growth below 
the cotyledons is nearly all of root. It is the little plumule or bud between 
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them which makes the upward growth, and which, being well fed by the 
cotyledons, rapidly develops the next pair of leaves and raises tliem upoA 
a long intemode, and so on. Tlie cotyledons all the while remain below, 
in the husk of the fruit and seed, and perish when they have yielded up the 
store of food which they contained. 

23. So, even in plants so much alike as Maples, there is considerable 
difference in the amount of food stored up in the cotyledons by which the 
growth is to be made ; and there are corresponding differences in the ger- 



Fio. 14. One of the pair of keys or winged fruits of Red Maple; the seed-bear- 
ing portion cut open to show the seed. 15. Seed enlarged, and divided to show 
the crumpled embryo which fills it. 16. Embryo taken out and partly opened. 

17. Embryo which has unfolded in early stage of germination and begun to grow. 

18. Seedling with next joint of stem and leaves apparent; and 19 with these parts 
full-grown, and bud at apex for further growth. 20. Seedling with another joint 
of stem and pair of leaves. 
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mination. The ktger the supply to draw upon, the stronger the growth, 
and the qnicker the formation of root below and of stem and leaves above. 
This deposit of food thickens the 
cotyledons, and renders them less 
and leas leaf-like in proportion to 
its amouut, 

3i. Examples of Embryos 
'wlUi thickened Cotyledons, 
In the Pumpkin and Squash (Fig. 
86. 37). the cotyledona are weU 
supplied with nourishing matter, 
as their sweet taste demonstrates. 
Sdll, they are flat and not very 
thick. In germination tliis stare 
is promptly utilized in the devel- 
opment of the oaulicle to twenty or 
thirty timet its length in the seed, 
and to corresponding thickness, in 
the formation of a cluster of roota 
at its lower end, and the early pro- 
duction of the incipient plumule; 
also in their own growtli into effi- 
cient green leaves. The case of 
our cotnmou Be in (Phaseolus vul- 
garis. Fig. 38-30) is nearly the 
same, except that the cotyledons 
are much more gorged ; so that, although c 

upon the lengthening caulicle, and there acquiring a green color, they 
never expand into useful leaves. Instead of this, they nourish into rapid 
grovrth the plumule, which is plainly visible in the seed, as a pair of 
incipient leaves; and these form the first actual foliage. 

85. Very similar is the germination of the Beech (Fig. 31-33), eicept 
that the caulicle lengthens less, hardly raising the cotyledona out of the 
ground. Nothing would be gained by elevating them, as they never grow 
ont into efficient leaves ; but the joint of stein belonging to the plumule 
lengthens well, carrying up its pair of real foliage-leaves. 

26. It is nearly the same in the Bean of the Old World (Vicia Faba, 
here called Horse Bean and Windsor Bean) : l.he caulicle lengthens very 
little, does not undertake tji elevate the heavy seed, which is left below or 

Fid. 21. Frait (one key) of Silver Maple, Acer rtasycarpnm, tif natnral aiie, the 
seed-bearing portion divided to show the seed, 22. Embryn of the seed taken 
oot. 23. Same opened out, to show the thiok cotyledons and the little plumule 
or hud between them. 24. Germination of Silver Maple, natural size; merely the 
base of the fruit, eontaiuing the seed, is shown. 25. Embryo of same, taken ont 
of the hnik| upper part of growing stem cut olF, for want of room. 




rried up into tbe air and light 
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apoa tbe surface of the soil, the flat but thick cotjledons rcmuiuiug ic it, 
and suppljing food for the growth of Ihe root below aad the plumale 
aboTe> In it3 near relative, the Pea (Fig. '6i, 35), thb use of cotjledous 




for storage onlj 
to the utmost. 



) most completely carried out. For tbej are thickened 
1 into liemisplieres ; tbe caulicle docs not lengtben at all ; 



merely sends out roots from the lower end and develops ii 
mule from the upper, the seed reiuai g 
in technical laoguage, the gerniiiiatio 

27- There is sufEcieiit nourislime pe to m 

B very considerable growili before red S 

is the stem-portion of tbe plumule w is at g 

growing. Here, as seen in Fig, 35 ss 

leaf-scale instead of an cfGcIeiit leaf ul be 

fitted fur foliage. 

FlQ. 26. Embryo of Pnnipkm-sec(i,iHi 

FlO. 28. Einbrj-o of Conmioii Bean 
overedgeof cotylelons. 29. Same germ ng on 

banning! thick colyleJons partly flprea an m gro 

twtween them. 30. Same, older, with ftuuiule developed into iutemode and 
pair of IeaT«a> 
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28. This hypogaous germination is exemplified on a larger scale bv the 
Oak (Pig. 36, 37) and Horse-chestnut (Fig. 38, 39); but in these the 
downward growth is wholly a stout tap-root. It is not the cauUde ; foi 





this lengt-hens hardly any. Indeed, the earliest growth which carriea 
ihe very short caulicle out of the shell comes from tlie formation of foot- 
stalks to the cotyledons ; above tliese develops the strong plumule, below 
grows the stout root. Tlie growth is at first entirely, for a long time 

Fig. 31. A Beech-nut, cut across. 32. Beginning germination of the Beech, 
ihowing the plumule growing before the cotyledons have opened or the root has 
scarcely formed. 33. The same, a little later, with the plumule-leaves developing, 
and elevated on a long intemode. 

FiQ. 34. Embryo of Pea, i. e. a pea with the coats removed; the short and 
thick caulicle presented to view. 35. Same in advanced germination : the plumule 
cas developed four or five internodes, bearing single le-aves ; but the first and sec- 
tiDd leaves are mere scales, the third begins to serve as foliage ; the next more so. 
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mainly, at the expense of the great store of food in the cotjledons. These, 
after aerring their purpose, decay and fall away. 

39. Such thick cotyledous neter separate; iudeed, they sometimes grow 
together by aooie part of their contiguous &oas ; bo that the gennination 





seems to proceed from a solid bulb-like mass. 
Tills IS the case iii a horse-chestnut. 

30 Germinating Embryo snpplled by its 
own Store of Nonrlshment, i. e. the store in 
the cotyledons This is so in r11 the illustrations 
thus far esaentially so even in the Flax. This 
nourishment was supplied by the mother plant to 
the ovule and seed, and thence taken into the 
embryo during its growth. Such embryos, filling 
the whole seed, are comparatively lai^ and strong, 
and vigorous in germination in proportion to the 
amount of their growth while connected with the parent plant. 

31. Germinating Embryo supplied from a Deposit outside of It- 
self. This is as common as the other mode; and it occurs in all degrees. 

cut lengtliwiBe, filled hy the very thick cotyledons, 
t CRulicle. 37. Oak-seedling, 
lest t milarly cut ; tlie canlicle is curved down on 

tyled n 39. Horse-^lieatant in germination; faot- 
yled p abiisg out iu their lengthening the growing 
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Some seeds have very little of this deposit, but a comparatively large em- 
bryo, with its parts more or less developed and recognizable. In others 
this deposit forms the main bulk of the seed, and the embryo is small or 
minute, and comparatively rudimentary. The following illustrations exem- 
plify these various grades. When an embryo in a seed is thus surrounded 
by a white substance, it was natural to liken the latter to the white of an 
egg, and the embryo or germ to the yolk. So the matter around or by 
the side of the embryo was called the Albumen, 
i. e. the white of the seed. The analogy is not 
very good ; and to avoid ambiguity some botan- 
ists call it the £NDOSF£aM. As that means in 
English merely the inwards of a seed, the new 
name is little better than the old one ; and, since 
we do not change names in botany except 
when it cannot be avoided, this name of albu- 
men is generally kept up. A seed with such a 
deposit is albuminous, one with none is espal* 
buminous. 

32. The Albumen forms the main bulk of 
the seed in wheat, maize, rice, buckwheat, and 
the like. It is the floury part of the seed. 
Also of the cocoa-nut, of coffee (where it is dense 
and hard), etc. ; while in peas, beans, almonds, 
and in most edible nuts, the store of food, al- 
though essentially the same in nature and in 
use, is in the embryo itself, and therefore is not 
counted as anything to be separately named. 
In both forms this concentrated food for the 
germinating plant is food also for man and for 
animals. 

33. For an albuminous seed with a well-developed embryo, the com- 
mon Morning Glory (Ipomoea purpurea, Fig. 40-43) is a convenient exam- 
ple, being easy and prompt to grow, and having all the parts well apparent. 
The seeds (duly soaked for examination) and the germination should be 
compared with those of Sugar and Red Maple (19-21). The only essen- 
tial difference is that here the embryo is surrounded by and crumpled up in 
the albumen. This substance, which is pulpy or mucilaginous in fresh 
and young seeds, hardens as the seed ripens, but becomes again pulpy in 
germination; and, as it liquifies, the thin cotyledons absorb it by their 




Fig. 40. Seed of Morning Glory divided, moderately magnified; shows a longi- 
tudinal section through the centre of the embryo as it lies crumpled in the albu- 
men. 41. Embryo taken out whole and unfolded? the broad and very thin 
cotyledons notched at summit ; the caulicle below. 42. Early state of germina* 
Uon. 43. Same, more advanced; caulicle or primary stem, cotyledons or seedr 
'aaves* and below, the root, well developed. 
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whole surface. It supplements the natritiTe matter contained in the 
embryo. Both together form no large store, but sufficient for establishing 
the seedling, with tinj root, stem, and pair of leaves for initiating its 
independent growth; which in due time proceeds as in Fig. 44, 45. 

34. Smaller embryos, less developed in the seed, are more dependeni 
upon the extraneous supply of food. The figures 46-53 illustrate fou^ 





45 

grades in this respect. The smallest, that of the Peony, is still large enough 
to be seen with a hand magnifying glass, and even its cotyledons may be 
discerned by the aid of a simple stage microscope. 

36. The broad cotyledons of Mirabilis, or rour-o'clock (Fig. 62, 53), 
with the slender caulicle almost encircle and enclose the floury albumen, 
instead of being enclosed in it, as in the other illustrations. Evidently 
here the germinating embryo is principally fed by one of the leaf-like coty- 
ledons, the other being out of contact with the supply. In the embryo of 
Abronia (Fig. 54, 55), a near relative of Mirabilis, there is a singular 
modification; one cotyledon is almost wanting, being reduced to a rudi- 
ment, leaving it for the other to do the work. This leads to the question 
of the 

36. Number of Cotyledons. In all the preceding illustrations, the 
embryo, however different in shape and degree of development, is evidently 



Flo* 44. Seedling of Morning Glory more advanced (root cut away) ; cotyledons 
well developed into foliage-leaves: succeeding internode and leaf well developed, 
and the next forming. 46. Seedling more advanced; reduced to much belovr 
natural size. 
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constructed upon one and the same plan, namely, that of two leaves on a 
caulicle or initial stem, — a plan which is obvious even when one cotyledon 
becomes very much smaller than the other, as in the rare instance of Abro- 
nia (Fig. 54, 55). In other words, the embryos so far examined are all 

37. Dicotyledonous, that is, two-cotyledoned. Plants which are thus 
similar in the plan of the embryo agree likewise in the ^neral structure of 

46 48 60 












64 

their stems, leaves, and blossoms ; and thus form a class, named from their 
embryo Dicotyledones, or in English, Dicotyledonous Plants. So long 
a name being inconvenient, it may be shortened into Dicotyls. 

38. Polycotyledonous is a name employed for the less usual case in 
which there are more than two cotyledons. The Pine is the most familiar 
case. This occurs in all Pines, the number of cotyledons varying from three 
to twelve ; in Fig. 56, 57 they are six. Note that they are all on the same 
level, that is, belong to the same node, so as to form a circle or tohorl at the 
summit of the caulicle. When there are only three cotyledons, they divide 
the space equally, are one third of the circle apart. When only two they 
are 180° apart, that is, are opposite. 

39. The case of three or more cotyledons, which is constant in Pines 
and in some of their relatives (but not in all of them), is occasional among 
Dicotyls. And the polycotyledonous is only a variation of the dicotyledonous 
type, — a difference in the number of leaves in the whorl ; for a pair is a 
whorl reduced to two members. Some suppose that there are really only 



Fig. 46. Section of a seed of a Peony, showing a very small embryo in the 
albumen, near one end. 47. This embryo detached, and more magnified. 

Fig. 48. Section of a seed of Barberry, showing the straight embryo in the 
middle of the albumen. 49. Its embryo detached. 

Fio. 60. Section of a Potato-seed, showing the embr}'o coiled in the albumen. 
61. Its embryo detached. 

Fio. 52. Section of the seed of Mirabilis or Four-o'clock, showing the embryo 
coiled round the outside of the albumen. 63. Embryo detached; showing the very 
broad and leaf-like cotyledons, applied face to face, and the pair incurved. 

Fig. 54. Embryo of Abronia unibellata ; one of the cotyledons very small 
55. Same straightened out 




H BEEDLINOS. {SECnON 3. 

two oo^ledona even in & Pine-embrjo, bat these difided or split op cod- 
genitallj k> M to inut^ a greater namber. But as le&rea are often in 
whorll on orduiM^ stema, tbej maj be » i at the recj beginniiig. 

40. Uonooo^ledoDons (meaning with _ 
siDgleCDtyledon}i3 tbeitaine of the one^coty- 

/ledoned sort of embij). Tbis goes along ff 
' withpeculiaritJe3iiisCeii>,leaTes,andfloTersi ' 
which all together associate such plants into 
B great class, called Moitocottledomods 
Flutts, or, for shortnciss, MoHocoiiLa. It 
ineaiu merely that Uie leares are alternate 
from the very first. 

41. In Iris (Tig, 68, 59) the eoibrjo in 
the seed is a small oyliuder at one end of the 
mass of tbe albmaen, vilh no apparent dis- 
tinction of pnrts. The end which almost 
tonches the seeil-coat is oaulicle; the other 

*^ *' end belongs U- the soUlai; co^ledon. In 
germination tiie whole lengthen? (bnt mainly the 
cotyledon) only enough to pu«h the proximate 
end birly out of the seed : from this end the root 
is formed; and from a Uttle higher the plumule 
later emerges. It wonld apprar, therefore, that 
the ootyledon answers to a miante leaf rolled np, 
and that a ohink through xrhich the plaroule 
grows oot is a part of the in rolled edges. The 
embryo of Indian Com shoiTS theae parts on a 
larger scale and in a mora open state (Fig. 66- 
69). There, in the seed, the cotyledon remains, 
imbibing nonrishmeut from rhe softened albn- 
men, and transmitting it to the growing root 
below and uew-furming leaves above. 

4S. The general plan is the stme in the Onion (Fig. 60-65), but witn 
a striking difference. The embryo is long, and coiled in the albumen of the 
seed. To ordinary eiamination i.. shows no distinction of parts. But 
germination plainly shows that all except the lower end of it b ootyledon. 
For after it has leugthened into a long thread, the chink from which the 

Fio. S6. Section of a Pine-eeed, ahowing its polycotyledonous embryo in tbe 
centre of the albomeni moderately magnified- 57. Seedling of same, showing the 
freshly expanded nil cotyledons in a whorl, and the plmnule jnst appearing. 

Fig. 68. Section of a seed of thf Iris, or FlowPiMle-Lnce, enlai^ed, showing Ita 
■mall embryo in the albumsn, near the hottom. 59. A germinating seedling of Um 
same, ita plamnle developed into tbe ilrst four leavea (alternate), the first one 
mdlmentary ; the cotyledon remains in the se^. 

Fib. 60. Section of an Onion-seed, showing the niender and coiled embr;o in the 
albumen : mooenttelT magnified. ^. Seed of same in early germination. 
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seen at the base, or near it , so the oanMe ii 




extremelj short, and does not eloDgate, 
but sends out from its base a simple 
root, and afterwards others inaeluster. 
Not oulj does the cotjledon lengthen 
euormousl; in the seedling, but (un- 
like that of Iris, Indian Com, and all 

Fia. 62. Germinating Onion, more advanced ; the ebink at base of cotyledon 
opening for the protrusion of the plumnle, consisting of a thread-shaped leaf. 
63. Section of base of Fig. 62, showing pinmnle enclosed. S4. Section of same 
later ; plamnle emerging. 66. Later st^e of 32; upper part cnt off. 66. Agraln 
of Indian Com, flatwise, cnt away a [ittte, so as to show the embryo, lying on the 
albumen, vhich makes the principal bnik of the seed. 67. A grain cut through the 
middle in the opposite direction, dividing the embryo through its thick cotyle- 
don and ita plumule, the latter consisting of two leaves, one enclosing the other. 
38. The embryo, taken out whole: the thick mass is the cotyledon; the narrow 
body partly enclosed by it is the plumnle ; the little projection at ita base is the 
Tery short radicle enclosed in the sheathing base of the first leaf of the plumule. 

Fia. 69, Grain of Indian Com in germination ; tlie ascending sprout is the first 
leaf of the plumule, enclosing the younger leaves within ; at its base the primary 
root has broken through. 70. Tlie aame, advanced; the second and third Xea-'ns 
developing, while the -''eathine lirst leaf does not further develop. 
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tile cereal gmina) it raises the compamtiTel; light seed into the air, the 

tip still reniHJiiJug iu the setd aud feeding upon the albumen. When 

this food is exhausted and the seedling is well es- 

'i{ in tlie suil, the upper end decays and the 

1 busk of Ihi: iiied fa'is awaj. 

43. Ill Maize or In- 
dian Com (Fig. 66-70), 
the enLbryo is more de- 
veloped m the seed and 
Its parts can be made out 
It beSBgaiDSt the starch; 




albur 



but 






enclosed therein. The 
larger part of it is the 
cotyledon thick ish its 
edges inTolute aud its 
back in contact with the 
albumen , parti j enclosed 
hj it IS the well devel 
oped plumule or hud 
ch IS to grow For 
ihe cotjledon remains m 
I he seed to fulfil its office 
of imbibing nourishment 
from the softened albu- 
men, which it conveys to 
the growing sprout; the 
part of this sprout which is visible is the first leaf of the plumule rolled up 
into a sheath and enclosing the rudimeots of the succeeding leaves, at the 
base enclosing even the minute cnulicle. In germination tlie first leaf of 
the plumule develops onlj as a sort of sheath, protecting tlie teiider parts 
within; the second and the third form the first foliiige. The caulicle never 
lengthens : the first root, which is formed at its lower end, or from any 
part of it, has to break tlirough the enclosing sheath ; and succeeding roots 
soon spring from all or any of the nodes of the plumule. 

44. Simple-stemmed Plants are thus built up, by the continuous pro- 
doctioii of one leaf-beaiing portiou of stem from the auniniil of the preced- 
ing one, beginning wiili t)ie initial stem (or caulicle) in the embryo. Some 
Dicotyls and many Monocotyls develop only in this single line of growth (as 
to parts above ground) until the flowering stite is approached. For some 
examples, see Cycas (Fig. 71, front, at the left) ; a tall Yucca or Spanish 
Bayonet, and two Cocoa-nut Palms behind ; at the right, a group of Sugar- 
canes, and a Banana behind. 

Flo. 71. Sin I plfl -stemmed i-egetadan. 
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45. Most plants increase tbe amount of their vegetsdoa b; branching, 
that b, b; pi'oduciag lateral shoots. 

46. Roota braneli from auj part and usuallj without definite order. 
Stems normally give rise to branches onlj at deliiiite points, nameljj at tbe 
nodes, and there oulj from the aiils of leaves. 

47. Buds (Fig. 72, 73). Every incipieflt sboot is a Bud (12). A 
stem continues its growth b; its terminal bud; it branches by tlie forma- 
tion and development of lateral buds. As normal lateral buds occupy the 
axils of leaves, they are called axillary budi. As leaves are symmetrically 
arranged on the stem, the buds in tbeir axils and the branches into which 
aiLllarj buds grow partake of this syimuctrj. 
The most conspicuous buds arc Ihc scaly winler- 
buds of most shrubs and trees of temperate and 
cold climates; but the name belojigs as well to 
the forming slioot or braneb of any herb. 

48. Tlie Terminal Bad, in the most general 
sense, may be said to exist in the embryo, — as 
cotyledons, or the cotyledons and plnmule, — and 
to crown each successive growth of the simple 
stem so long as tlie summit is capable of growth 
Tiie whole ascending growth of the Film Cj 
cas, and the bke (such as in Fig 71} is from 
a terminal bud Branches being repetitions of 
the main stem and growing in the same way, 
are also lengthened by terminal buds Those of 
Horse-cliestuut, Hickory, Maples and such trees, 
being the resting buds of winter are couspicu 
ous by tbeir protectne covering of scales 
These bud-scales as will hertafter be shown, 
are themselves a k nd of leaves 

49. Aiillwy Bnds were formed on these 
anuual shoots eirlj in tbe summei Decision 
ally ihey grow the same season into brj iclies at h 
pretty sure to do so whenever (he growing terminal bud at tbe end of the 
shoot is injured or destroyed Otherwise tliev may he dormant until the 
following spring In niany trees or shrubs these atilhry buds do noi 
show themselves until sprmg but if searched fnr Ihey niaj be detected, 
though of smiU size hidden under the bnrk S)melime<i although early 




le of them ai 



Fia.72. Shoot of Horse chestnut ofo e > car s frrowth tahen in autumn aft«rth« 
leaves have fallen; showing the large terminal bud and smaHer axillary buda. 
Fla. 73. Similar shoot of Shogbark Hickory, Carya alba. 
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formed, the; are concealed all summer long under the base o! the leaf-stalk, 
wLich is then hollowed out into a sort of inverted cup, like a candle- 
eitinguisber, to cover them ; as iti tlie Locust, tbe Yellow-wood, or more 
itrilcin^j in the Button-wood or Plane-tree (Fig. 7ii). 




bO. The Uaf-tean, so conspicuous in Tig, 73, 73, under each atillarj 
liud, mark the place where the stalk of the subtending leaf was attached 
unta it fell in autumn. 

SI. Scaly Buds, which are well represented in Pig. 72, 73, commonly 
belong to trees and shrubs of countries iu which gronth is suspended dur- 
ing winter. The seal; coverings protect the tender young parts beneath, 
not so much b; keeping out tbe cold, which of course would penetrate the 
bud in time, as by shielding the interior from the effects of sudden changes. 
There are al! gradations between these and 

63. Naked Buds, in which these scales are inconspicuous or wanting, 
as in most herbs, at least above ground, and most l.iopical trees and shrubs. 
But nearly related plants of the same climate may differ widely in this re- 
spect. Rliododendrons have strong and scaly winter-biids; while iuEalmia 
they are naked. One species of Viburnam, the Hcibblc-bush, has com-t 
pletely naked buds, what would be a pair of scales developing into the firstf 
leaves in spring; while another (the Snowball) bag conspicuous scaly buds.- 

53. Vigor of Vegetation from strong buds. Large and strong buds, 
like those of tiic Horse.cljestnat, Hickory, and the like, contain several 
leaves, or paiis of leaves, ready formed, folded and packed away in small 
compass, just as the seed-leaves of a strong embrjo are packed away in the 
seed ; thej may even contain all the blossoms of the ensuing season, plainly 
yisible as small buds. And the stems upon which these buds rest are filled 
with abundant nourishment, which was deposited the summer before in the 

r the hollowed base of the teafstalk. 
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wood or in tlie bark. Under the surface of the soil, or on it covered with 
the fallen leaves of autumn, similar strong buds of our perennial herbs maj 
be found; while beneath are thick roots, rootstocks, or tubers, charged 
with a great store of nourishment for their use. This explains how it is thai 
vegetation from such buds shoots forth so vigorously in the spring of the 
year, and clothes the bare and lately frozen surface of the soil, as well as 
the naked boughs of trees, very promptly with a covering of fresh green, 
and often with brilliant blossoms. Everything was prepared, and even 
formed, beforehand : the short joints of stem in the bud have only to 
lengthen, and to separate the leaves from each other so that they may un- 
fold and grow. Only a small part of the vegetation of the season comes 
directly from the seed, and none of the earliest vernal vegetation. This is 
all from buds which have lived through the winter. 

54. The Arrangement of Branches, being that of axillary buds, answers 
to that of the leaves. Now leaves principally are either opposite or alternate. 
Leaves are opposite when there are two from the same joint of stem, as in 
Maples (Fig. 20), the two being on opposite sides of the stem ; and so the 
axillary buds and branches are opposite, as in Fig. 75. Leaves are alter- 
nate when there is only one from each joint of stem, as in the Oak, Lime* 
tree. Poplar, Button-wood (Fig. 74), Morning-Glory (Fig. 45, — not 
counting the seed-leaves, which of course are opposite, there being a pair 
of them) ; also in Indian Corn (Fig. 70), and Iris (Fig. 59). Consequently 
the axillary buds are also alternate, as in Hickory (Fig. 73) ; and the 
brandies they form alternate, — making a different kind of spray from the 
other mode, one branch shooting on one side of the stem and the next 
on some other. For in the alternate arrangement no leaf is on the same 
side of the stem as the one next above or next below it. 

55. But the symmetry of branches (unlike that of the leaves) is rarely 
complete. This is due to several causes, and most commonly to the 

56. Non-development of buds. It never happens that all the buds 
grow. If they did, there might be as many branches in any year as there 
were leaves the year before. And of those which do begin to grow, a 
/arge portion perish, sooner or later, for want of nourishment, or for want 
of light, or because those which first begin to grow have an advantage, 
which they are apt to keep, taking to themselves the nourishment of the 
stem, and starving the weaker buds. In the Horse-chestnut (Fig. 72), 
Hickory (Fig. 73), Magnolia, and most other trees with large scaly buds, 
the terminal bud is the strongest, and has the advantage in growth ; and 
next in strength are tlie upper axillary buds : while the former continues 
the shoot of the last year, some of the latter give rise to branches, and 
the rest fail to grow. In the Lilac also (Fig. 75), the uppermost axillary 
buds are stronger than the lower ; but the terminal bud rarely appears at 
all; in its place the uppermost pair of axillary buds grow, and so each 
stem branches every year into two, — making a repeatedly two-forked 
nmification, as in Fig. 76. 
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57. Latent Buds. Axillary buds that do not grow at the proper season; 
ftnd especially those which make no appearance externally, may long remain 
latent, and at length upon a favorable occasion start into growth, so form- 
ing branches apparently out of place 
as they are out of time. The new 
shoots seen springing directly out 
of large stems may sometimes orig- 
inate from such latent buds, which 
have preserved their life for years. 
But commonly these arise from 
1 I W ^ ^b/l ^^' Adventitious Buds. These 

'I \\ f/ Wj *^® \i\y^^ which certain shrubs and 

trees produce anywhere on the sur- 
face of the wood, especially where 
it has been injured. They give risft 
to the slender twigs which often 
feather the sides of great branches 
of our American Elms. They some- 
times form on the root, which natu- 
rally is destitute of buds ; they are 
^ l|^ n ^^ even found upon some leaves ; and 

t\ f W y^^ ^^®y ^^® ®^^ ^ appear on the 

\ \ \\ .^>^r^ trunks and roots of Willows, Pop- 

lars, and Chestnuts, when these are 
wounded or mutilated. Indeed 
Osier- Willows are pollarded, or cut 
off, from time to time, by the culti- 
vator, for the purpose of produc- 
ing a crop of slender adventitious twigs, suitable for basket-work. Such 
branches, being altogether irregular, of course interfere with the natural 
symmetry of the tree. Another cause of 
irregularity, in certain trees and shrubs, 
is the formation of what are called 

59. Accessory or Supernumerary 
Buds. There are cases where two, three, 
or more buds spring from the axil of a 
leaf, instead of the single one which is or- 
dinarily found there. Sometimes they are 
placed one over the other, as in the Aris- 
tolochia or Pipe- Vine, and in the Tartarean Honeysuckle (Eig. 11) ; also 
m the Honey-Locust, and in the Walnut and Butternut (Fig. 78), where 

Fig. 75. Shoot of Lilac, with winter buds ; the two uppermost axillary ones 
strong; the terminal not developed. 76. Forking ramification of Lilac; reduced 
in size. 

Pio. 77. Tartarean Honeysuckle, with three accessory buds in each axil. 
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ttie upper GuperDumemry bnd is a good waj out of tbe aiil and above the 

otLers. And this is here stronger tban the others, and grows into a 

brand) vhich is cousidtTabl; out of llie axil, wbile the lower and smaller 

oiics commonly do not grow ut all. In other oases 

three buds stand side by side in the axil, as in tt 

Hawthorn, and the Bed" Maple (lif;. 79.) If the; 

were all to grow iuto brandies, ILey would stifle each 

other. But some of ihem are commnolj flower-buds : 

in llie Red Maple, only the middle otie is a leaf-hud, 

and it does not grow until after those on each side of 

it have expanded the blossoms tbey contain. 

60. Sorts of Buds. It may be useful to ennmerat« 
the kinds of buds wliich have been described or t 
tioned. They are 

Terminal, when they occupy the summit of (or ter- 
ninale) a slem. 

Lateral, wheo they are borne on the side of a stem ; 
of which the regular kind is the 

Axillary, situated iu tbe axil of a leaf. These an 

Aceesiory or Supsrnumerari/, when they are 
addition to the normal solitary bud; and these a 
Cottateral, when side by side; Superposed, when one 
above another; 

Bj:lra-atiUaiy, when they appear above the axil, as 
some do when superposed, and as occasionally is tlie 
case wlictt single. 

Kaked budi ; those which have no protecting scales. 

Scaly buds; those which have protecting scales, 
which are altered leaves or bases of leaves. 

Leaf-bada, contain or give rise to leaves, and develop into a leafy shoot 

Flower.bvds, contain or consist of blossoms, and no leaves. 

Mixed buds, contain both leaves and blossoms. 

61. Definite annual Growtli from winter buds is marked in most of 
the shoots from strong buds, such as thoso of the Horse-chestnut and 
Hickory (Fig. 73, 73). Such a bud generally contains, already formed in 
miuiature, all or a great part of the leaves and joints of stem it b la pro- 
duce, makes its whole growth iu length in the course of a few weeks, or 
sometimes even in a few days, and Ihei forms and ripens its buds for the 
next year's similar growth. 

62. Indefinite annual Growth, on tlie other hand, is well marked in 
such trees or shrubs as the IIoucv -Locust, Sumac, and in sterile shoots of 

Fio. 7S. Butternut >iranch, with acceseorj bnfls, tho uppormoat above the aiil. 

Fio. 79. R«ii-Maple hranth, with accessory buils place.1 side by side. The an- 
Dnkr line! lowarJ the base in this and in Fip. 72 are scars of the bud-Bcales, ami 
indicate the place of the winl«r-bii(l of the preceding year. 
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the Hose, BInclbeny, and KaspbeTr;. That is, these shoota ste apt to 
grow all summer bug, until stopped b; the frosU of autumn or some other 
cause. Conaequeatly they form and ripen no tenninal bud protecled bj 
scales, and the upper axillary buds are produced ao late in the season that 
they haTe no time to mature, nor has their wood time to solidify and ripen. 
Such stems therefore commonly die back from the top in winter, or at 
least all their upper buds are small and feeble ; so the growth of the suc- 
ceeding year takes pkee mainly from the lower asillary buds, which are 
mote mature. 

63. Deliguesofttit and Excnrrent Orowtlt. In the former case, and 
wherever aiillary buds take the lead, there is, of course, no single main 
stem, continued year after year in a direct line, but the trunk ia soon loat 




m the bran hea Treea so f rm d 
tops, Ot u h t vt\ delgui I tern 
diasolv d as t w to th Ij d 

Ameri El (Fg 80) a good II trat 

64. On the other hand, the main slem of Fira and Spruces, unless de- 
stroyed by some injury, is carried on in a direct line throughout the whole 
growth of the tree, bj the development year after year of a terminal bud : 
this forms a single, uninterrupted shaft, — an excurreat trunk, which can- 
not be confounded with the branches that proceed from it. Of such ipiiy 
or ipire-ihaped trees, the Firs or Spruces arc characteristic and familiar 
examples There are all gradations between the two modes. 

Flo. 80. An Amiiricaa Elm, with Spruce-trees, and on the lelt Arbor VitH. 
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award growth from the root-end of 
1 of the embryo (Fig. 5-7, 81). If 
If lap-rool, as in Fig. 37, etc. Some 



65. It is & property of stems to produce roots. Sterna do not spriug 
&om roots iu ordinary cases, as is gBuerall; thought, bnt roots from stems. 
When perennial herbs arise from the ground, as tbej do at apriag-time, 
they rise from subterranean stems. 

66. The Primaiy Root is a do 
tlie caulicle, that is, of the initial st 
it goes on ia grow it makes n. main oi 
plants keep this main root throughout 
their whole life, and send off only 
small side branches ; as in the Carrot 
and Radish : and iu various trees, like I 
the Oak, it takes the lead of the 
aide-branches for several years, unlesB 
accidentally injured, as & strong tap- 
root. But commonly the main root 
divides off very soon, aud is lost in the 
branches. Multiple primari/ roota now 
and then occur, as in the seedling of 
Pumpkin (Fig. 37), where a cluster 
is formed even at the first, from the 
root^end of the caulicle. 

67. Seoondary R.oots are those 
which arise from other parts of the 
stem. Any part of the stem may 
produce them, but they most readily ci 
rule they naturally spring, or may be made to spring, fi 
young stem, when placed in favorable circumstances, — that is, when 
placed in the soil, or otherwise supplied with moisture and screened from 
the light. For the special tendency of the root is to avoid llie light, seek 
moisture, and therefore to bury itself in the soil. Propagation by divition, 
which is so common and so very importniit in cultivation, depends upon 
the proclivity of stems to strike root. Stems or branches which remain 
underground give out roots as freely as roots themselves give off branches. 
Stems which creep on the ground most commojily root at the joints; so 
will most branches when bent to the ground, as in propagation by layer- 
ing i and prupagatioD by cuttings equally depends upon the tendency of the 
cut end of a shoot to produce roots. Thus, a piece of a plant which has 
stem and leaves, either developed or in the bud, may be made to produce 
roots, and so become an independent plant. 

Fin. 81. Seeiiling Maple, of the natural size; the root well supplieil with root -hairs, 
here large enough to be seen b/ the nahed eye. 82. Lower enil of this root,niagal. 
fled, the root Heen juat as root-haira are beginning to form a little behind the tip- 




e from the nodes. 
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. Contrast between Stem and Root, Stems are ascending aiea; 
e ileaceudiug ases. Stems grow by the successive development of 
internodes (13), one after another, eacli leaf-benriug 
.1 (or node) ; so that it ia of the essen- 
^ tial nature of astern to beur leaves. Roots bear no 
I leaves, are not disiiuguishable into uodes and iuter- 
nodcs, but grow on eoutiuuously from tbe lower 
TLey ooiumouly branch freelj, but not from 
atij fixed points nor in definite order. 

69. Altbough toots 
generally do not give 
rise to stems, and there- 
fore do not propagate 
the plant, exceptions are 
not uncommon. For as 
stems may produce ad- 
Teudtious buds, so also 
niaj roots. The roots of 
the Sweet Potato among 
herbs, and of the Osage 
Orange among trees 
freely produce adventi- 
tious buds, developbg 
into leaf; shoots ; and 
BO ibese phiiits aiv 
propiigated by root-eut- 
tings. But most growths 
of subtccraueau origin 
i, the common Potato for example, 
a may be roughly classed 'MAoJibro^ 





which pass for roots are forms of si 

70. Roots of ordinary kinds and 
and^M%. 

71. Fibrous Roots, such as th 
annuals, and of many perennials, 
slender or thread-like, 
most roots send out a 



of Indian Corn (Fig. 70), of most 
ve only for absorption ; these are 

Fine roots of this kind, and tbe fine branches which 

called Rootlets. 



72. Tbe whole surface of a root absorbs moisture from the soil while fresh 
and new ; and the newer roots and rootlets arc, the more freely do they im- 
bibe. Accordingly, as long as the plant grows above ground, and espauds 
fresh foliage, from which moisture hirgelj escapes into the air, so long it 
continues to extend and niu1ti|)ly its roots in the soil beneath, renewing and 
increasing the fresli surface for absorbing moisture, in proportion to the 
demand from above. And when growth ceases above ground, and the 
leaves die and fall, or no longer act, then tbe roots genei'ally sfop growiiig, 

FlQ. 83-35. Forma of tap-root. 
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and tbeir soft and tender tips harden. From tbis period, therefore, until 
growth begins Huew the uext spmier, b the best time for transplantbg ; 
especiallj for trees aud shrubs. 

73. The absorbing surface of yoang roots is much increased by the for- 
mation, near tbeir tips, of Root-uiiks (Fig. SI, 82), wiiich are delicate 




tubular outgrowths from tbe surface, through the delicate walls of which 
moisture is promptly imbibed. 

74. Fleshy Roots are those in wliicli the root becoraea a storehouse of 
nourislimcut. Typical roots of this kiud are those of such ijieunials as the 
turnip and carrot ; in which tbe food created in tlie first season's vege- 
tation is accumulated, to be expended tlie next season in a vigorous growth 
and a rapid development of iowers, fruit, and seed. By the time the seed 
is matured tlie exhausted root dies, and with it tlie whole plant. 

76. Fleshy roots may be single or multiple. The single root of the 
commoner biennials is the primary root, or tap-root, which begins to 
thicken in the seedling. Names are given to its shapes, such as 

Conical, when it thickens most at the crown, or wliere it joins the stem, 
and lapers regularly downwards to a point, as in the Parsnip and Carrot 
(Fig. 84); 

Tamip-aiaped or napi/orm, when greatly tliickened above, but abruptly 
becoming slender below; as tbe Turnip (Fig. S3) ; and 



Fro. 86. Sweet-Potato plant fnmiing thickened roo 
jnst beginning totliick?n; one at the left has grown ni 
l»ri[er. 

Fio. 87. Fascicled fosiform roots of a Dihlia: a, a, bnd» on haae of ateni 
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SpiiifUe-tkaped, or Fus^trm, when thickest in the middk and taperii^ to 
both ends; aa the common Uadish (Fig. 85). 

76. These examples are o[ primarj roots. It will be seeu that turnips, 
carrots, and the like, are uot pure root throughout ; for the oauLcle, from 
tlie lower end of which the root grew, partakes of the thickeuing, perhaps 
also some joints of stem above : so the bud-beaciag and growing top is 
stem. 

77. A fine example of secondarj roots (67), some of which remain fibrous 
for absorptjon, while a few thicken and store up food for the next season's 
growth, is furnished by the Sweet Potato (Fig. 86). As slated above, 
these are used for propagation bj cuttings; for anj part will produce ad- 
ventitious buds and shoots. The Dahlia produces fmcicled (i. e. clustered) 
fusiform roots of the same kind, at tlie base of the stem (Fig, 87) ; but 
these, like most roots, do not produce adventitious buds. The buds bj 
which Dablias are propagated belojig to th% surviving base of tbe stem 

78. Aiiomalons Roots, as they may be called, are tbose which subserve 
other uses than absorption, food-atoritig, and Qxiog the plant to the soil. 

Aerial RooU, i. e. those 
common in moist and warm 
climates, as in the Mangrove 
which reaoiies the coast of 
Florida, the Banyan and less 
strikingly in some lierbace- 
ons plauts such as Sugar 
Cane, and even in Indian 
Corn. Such roots reach the 
ground at length, or tend to 
do so. 

Aerial Roollelt are abun 
dautly produced by many 
climbiug plants, sucli as the 
Ivy, Poison Ivy, Trumpet 
Creeper, etc., springing from , 
thesideof steins, whiob they ~ 
fasten to trunks of trees, 
walls, or other supports. 
These are used by the plant 
i-'T olimbing. 

79. Epiphytes, or Air- 
Plants (Fig. SS), are called by the former name because commonly growing 




Flo. 88. Epiphytes of Floriila and Georgia, viz., Epideniirnm conopaenm, a 
»m«ll Orchid, and Tillaiiilaia usneoidea, the firi-called Long Moaa or Black Moss, 
Wbich ia no mcBs, but a flowering plant, also T. recuroata .- on a bongh of Liva Oak, 
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upon the trunks ot lirobs of other pknts ; by the latter because, haiing no 
couuection with the soil, they must derive their sustenauce from the aii 
only. The; have aerial roots, wliicli do not reach the ground, but are used 
to fix tbe plant to the surface upon which the plant groTS : they also take 
a part ia abEOrbiug moisture from the aij'. 

80. Parasitio Plants, of which there are various kinds, strike tbeir 
routs, or what answer to roots, iuto the tissue of foster plauts, or form at- 
tachments with thcii: surface, so as to prey upon tbeir juices. Of this sort 
is the Mistletoe, the seed of wliicb germinates oo the bough where it 
hlls or is left by birds; and the forming rout penetrates t)je bark and en- 
grafts itself into tbe wood, to which it becomes united as firmly as a natural 
branch to its parent stem ; aud indeed tbe parasite lives just as if it were 
a branch of the tree it grows and feeds on. A most common parasitic herb 
a the Dodder; which abouads ui low grounds in summer, and coils its 
long and slender, leafless, yellowish stems — resembling tangled threads of 
yam — round and round the stalks of other plants ; wherever thej touch 
piercing ibe bark with minute aud very sliort rootlets in the form of 
suckers, which draw out the nourishing juices of the plants laid hold of. 
Other parasitic plants, like the Beech-drops aud Pine-sap, fasten their roots 
under ground upon tbe roots of ncigliboriug plants, and rob them of their 

81. Some plants are partly parasitic; while most of their roota act in 
the ordinary vay> others make suckers at Iheh tips which grow (ast to the 




roota of otiier plants and rob them of nourishment. Some of our species ot 
Gerardia do this (Fig. 89). 

82. Tliere are phanerogamous plants, like Monotropa or Indian Pipe, 
the roota of which feed mMuly on decaying Tegefable matter in tlie soil. 
These are Sapbophitbs, and they imitate MusJirooms and other Fungi in 
their mode of life. 

83. Dnratioii of Roots, eta Roots are said to be either tmnual, bien- 
nial, ai perennial. As respecta the first and second, these terms may be 
applied either to the root or to the plant. 

8^ Amraala, as the name denotes, live for only cue year, generally for 



le attached to and feeding on tha root ol 
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only a part of the year. They are of course herbs ; they spring from the 
seed, blossom, mature their fruit and seed, and then die, root and all. An* 
nuals of our temperate climates with severe wiuters start from the seed in 
spring, and perish at or before autumn. Where the winter is a moist and 
growing season and the summer is dry, winter annuals prevail ; their seeds 
germinate under autumn or winter rains, grow more or less during winter, 
blossom, fructify, and perish in the following spring or summer. Annuals 
are fibrous-rooted. 

85. Biennials, of which the Turnip, Beet, and Carrot are familiar ex- 
amples, grow the first season without blossoming, usually thicken their 
roots, laying up in theai a stock of nourishment, are quiescent during the 
winter, but shoot vigorously, blossom, aud seed the next spring or summer, 
mainly at the expense of the food stored up, and then die completely. 
Annuals and biennials flower only once ; hence they have been called 
Monocarpic (that is, once-fruiting) plants. 

86. Perennials live and blossom year after year. A perennial herb, in 
a temperate or coolef climate, usually dies down to the ground at the end 
of the season's growth. But subterranean portions of stem, charged with 
buds, survive to renew the development. Shrubs and trees are of course 
perennial ; even the stems and branches above ground live on and grow 
year after year. 

87. There are all gradations between annuals and biennials, and between 
these and perennials, as also between herbs and shrubs ; and the distinc- 
tion between shrubs and trees is quite arbitrary. There are perennial herbs 
and even shrubs of warm climates which are annuals when raised in a cli- 
mate which has a winter, — being destroyed by frost The Castor^oil plant 
is an example. There are perennial herbs of which only small portions 
survive, as off-shoots, or, in the Potato, as tubers, etc 



Section VI. STEMS. 

88. The Stem is the axis of the plant, the part which bears all the 
other organs. Branches are secondary stems, that is, stems growing out of 
stems. The stem at the very beginning produces roots, in most plants a 
single root from the base of the embryo-stem, or caulicle. As this root 
becomes a descending axis^ so the stem, which grows in the opposite direc- 
tion is called the ascending axis. Rising out of the soil, the stem bears 
leaves ; and leaf-bearing is the particular characteristic of the stem. But 
there are forms of stems that remain underground, or make a part of their 
growth there. These do not bear leaves, in the common sense ; yet they 
bear rudiments of leaves, or what answers to leaves, although not in the 
form of foliage. The so-called stemless or acaulescent plants are those 
which bear no obvious stem (caulis) above ground, but only flower- stalka^ 
and the like 
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89. Stems above ground, through differences m durai^n, texture, and 
size, form herhs, shrubs, trees, etc., or in other terms are 

Herbaceous, dying down to the grouud e^ery year, or after blossoming. 
Suffrutescent^ slightly woody below, there surviving from year to year. 
SuffruHcose or Fruteacent, when low stems are decidedly woody below, 
but herbaceous above. 

9 

Fruticose or Shrubby, woody, living from year to year, and of considerable 
size, — not, however, more than three or four times the height of a man. 

ArboreacetU, when tree-like in appearance or mode of growth, or ap' 
preaching a tree in size. 

Arboreous, when forming a proper tree-trunk. 

90. As to direction taken in growing, stems may, instead of growing 
upright or erect, be 

Diffuse, that is, loosely spreading in all directions. 
Declined, when turned or bending over to one side. 
Decumbent, reclining on the ground, as if too weak to stand. 
Assurgent or Ascending, rising obliquely upwards. 
Procumbent ov Prostrate, lying flat on the ground from the first. 
Creeping or Repent, prostrate on or just beneath the ground, and striking 
root, as does the White Clover, the Partridge-berry, etc. 

Climbing or Scandent, ascending by clinging to other objects for support, 
whether by tendrils, as do the Pea, Grape- Vine, and Passion-flower and 
Virginia Creeper (Fig. 92, 93) ; by their twisting leaf-stalks, as the Virgin's 
Bower; or by rootlets, like the Ivy, Poison Ivy, and Trumpet Creeper. 

Twining or Voluble, when coiling spirally around other stems or 
supports; like the Morning-Glory (Fig. 90) and the Hop. 

91. Certain kinds 
of stems or branches, 
appropriated to spe- 
cial uses, have re- 
ceived distinct substantive names ; such as the following : 

92. A Culm, or straw-stem, such as that of Grasses 
and Sedges. 

93. A Caudez is the old name for such a peculiar 
trunk as a Palm-stem ; it is also used for an upright and 
thick rootstock. 

94. A Sucker is a branch rising from stems under 
ground. Such are produced abundantly by the Rose, 
Raspberry, and other plants said to multiply "by the 
root." If we uncover them, we see at once the great 
difference between these subterranean branches and real 

W roots. They are only creeping branches under ground. 

Remarking how the upright shoots from these branches become separate 

FiQ. 90. Twining or voluble stem of Moming-Glory. 
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plants, simplj b; tbe dying off of the couneoting under-ground stems, the 
iprdener expedites the result by cutting them through viiii bis spade. 
That is, be propagates the phmt " bj diTisiou." 

95. A Stolon is a braucii from above ground, which reclines or becomes 
prostrate and strikes root (usually from the nodes) vherever it rests on tbe 
soil. Tbence it may send up a vigorous shoot, which bas roots of its own, 
and becomes an independent plant when the connecting part dies, as it 
does after a wbile. The Curraut and the Gooseberry naturally multiply in 
this way, as well as by suckers (which are the same thing, only the connect- 
ing part is concealed under ground). Stotoiis must have suggested the 
operation of layering by bendii^ down and covering with soil branches 
which do not naturally make stolons ; and after they have taken root, as 
they almost always will, the gardener cuts through tbe connecting stem, 
and so converts a rooting branch into a separate plant, 

96. An Offset is a short stolon, or sucker, with a crown of leaves at the 
end, as in tbe HouseleeL (Fig- 
91), which propagates abundantly 
in this way. 

97. A Runner, of which the 
Strawberry presents the most fa- 
miliar and characteristic example, ^^ », 
is a long Olid slender, tendrd like S^z^^ 
stolon, or branch from next the li 
ground, destitute of conspicuous 
leaves. Each runner of the Straw- 
berry, after liaving grown to its full 

length, strikes root from the tip, which Sxes ii t« the ground, then fomis 
a bud there, which develops into a tuft of leaves, and so gives rise to a new 
plant, whicli sends out new runners to act in tbe same way. In this 
manner a single Strawberry plant will spread over a laige space, or produce 
a great number of plants, in the course of the summer, all connected at 
first by Ihe slender runners ; but these die in tbe following winter, if not 
before, and leave the plants as so many separate individuals. 

9S. Tendrilsarebranchesofa very slender sort, like runners, not destined 
like them for propagation, and tberoforo always destitute of buds or leaves, 
being intended only for climbing. Simple tendrils are such as those of 
Passion-fiowers (H'ig. 93). Compound or branching tendrils are borne by 
the Cucumber and Pumpkin, by the Grape-Vine, Virginia Creeper, etc. 

99. A tendril commonly grows straight and outstretched until it reaches 
some neighboring support, such as a stem, when its apex liooks around it 
to secure a hold; then the whole tendril shortens itself by coihng up 
spirally, and so draws the shoot of tbe growing plant nearer to the sup- 
porting object. But the tendrils of tbe Virginia Creeper (Ampelopsis, Fig. 

Fia. 91. Honseleek {Sempervivum), with o&PtB 
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93), as also tbe shorter ones of the Japaueee species, efleet t^e object differ- 
ently, namely, by expanding the tips of the tendrils into a flat disk, with 
an adhesive lace. This is applied to the supporting object, and it adheres 
j^ ^ firmlj ; .tlien a 
^^..^ shortening of 

■ "" the tendril and 

its braticliea by coiling brings up the growing 
Gboot close to the support This is an adapta- 
tion for climbing mural rocks or walls, or the 
trunks of trees, to which ordinai'y tendiils are 
unable to cling. The Ivy and Poison Ivy attain 
the same result by means of aerial rootlets (78). 

100. Some tendrils are leaves or parts of 
leaves, as those of the Pea (Fig, 35). The na- 
ture of tbe tendril is known bj its position. A 
tendril from the axil of a leaf, like tliat of Pas- 
sion-flowers (t'ig. 82) is of course a stem, i. e. 
a branch. So is one which terminates a stem, 
as in the Grape- Vine, 

101. Spines or Thoms (Fig. 95, 96) are 
commonly stunted and hardened branches 
or tips of stems or branches, as are those of 
Hawthorn, Honey-Locust, etc. In tbe Peat 
and Sloe all gradations occur between spines 
and spine-like (spinesceut) branches. Spine* 





■ nay be reduced and indurated leaves ; 
nature la revealed by their situation, i 



)s in the Barberry, where tbdi 
iderneatb an axillary bud. BnJ 



Fm. 92. A emnll Passion- (I owar {Passiflirra sicyoides), ehowing the tendrils. 

FlQ. 83. Piece of the stem of Virginia Creeper, bearing n leaf and s tendril. 

W. Tips of a tendril, about the natural size, showing the disks by which thej hold 
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prickles, such as those oi Blackberry and Roses, are only excrescences 
of the bark, and not branches. 

102. Equally strange forms of 
sterns^ are characteristic of the 
CactusfamHy (Fig. 111). These 
may be better understood by com- 
parison with 

103. Subterranean Stems 
and Branches. These are very 
numerous and various ; but they 
are commonly overlooked, or else 
are confounded with roots. From 
their situation they are out of or- 
dinary sight ; but they will well 
repay examination. For the veg- 
etation that is carried on under 
ground is hardly less varied or 
important than that above ground. 
All their forms may be referred to 
four principal kinds : namely, the 
Rhizoma {Rhizome) or Rootstocky 
the Tuber y the Corm or solid bulb, 
and the true Bulb. 

10^. The Rootstock. or Rhi- 
zoma, in its simplest form, is 
merely a creeping stem or branch 
growing beneath the surface of the soil, or partly covered by it. Of 
this kind are the so-called creeping^ f'unning, or scaly roots, such as those 





by which the Miut (Fig. 97), the Couch-grass, or Quick-grass, and manj 
other plants, spread so rapidly and widely, — " by the root," as it is said. 
That these are really stems, and not roots, is evident from the way in which 



Fia. 95. A branching thorn of Honey Locust, being an indurated leafless branch 
developed from an accessory bud far above the axils at the cut portion below, three 
other buds (a) are concealed under the petiole. 

Fig. 96. Spine of Cockspur Thorn, developed from an axillary bud, as the leaf- 
Bear below witnesses: an accessory leaf-bud is seen at its base. 

FiQ. 97. Rootstocks, or creeping subterranean branches, of the Peppermint. 
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they grow ; from their consisting of a succession of joints ; and from the 
leaves which they bear on each node, in the form of small scales, just like 
the lowest ones on the upright stem next the ground. They also pro- 
duce buds in the axils of these scales, showing the scales to be leaves ; 
whereas real roots bear neither leaves nor axillary buds. Placed as 
they are in the damp and dark soil, such stems naturally produce roots, 
just as the creeping stem does where it lies on the sorface of the 
ground. 

105. It is easy to see why plants with these running rootstocks take 
such rapid and wide possession of the soil, and why tliey are so hard to 
get rid of. They are always perennials ; the subterranean shoots live over 
the first winter, if not longer, and are provided with vigorous buds at every 
joint. Some of these buds grow in spring into upright stems, bearing 
foliage, to elaborate nourishment, and at length produce blossoms for re« 
production by seed ; while many others, fed by nour- 
ishment supplied from above, form a new generation 
of subterranean shoots ; and this is repeated over and 
over in the course of the season or in succeeding 
years. Meanwhile, as the subterranean shoots in- 
crease in number, the older ones, connecting the suc- 
cessive growths, die off year by year, liberating the 
already rooted side-branches as so many separate plants ; and so on indefi 
nitely. Cutting these running rootstocks into pieces, therefore, by the hoe 
or the plough, far from destroying the plant, only accelerates the propaga 
tion ; it converts one many-branched plant into a great number of separate 
individuals. Cutting into pieces only multiplies the pest ; for each piece 
(Fig. 98) is already a plantlet, with its roots and with a bud in the axil of 
its scale-like leaf (either latent or apparent), and with prepared nourishment 
enough to develop this bud into a leafy stem ; and so a single plant is all the 
more speedily converted into a multitude. Whereas, when the subterra- 
nean paiis are only roots, cutting away the stem completely destroys 
the plant, except in the rather rare cases where the root freely produces 
adventitious buds. 

106. Rootstocks are more commonly thickened by the storing up of 
considerable nourishing matter in their tissue. The common species of 
Iris (Fig. 164) in the gardens have stout rootstocks, which are only partly 
covered by the soil, and which bear foliage-leaves instead of mere scales, 
closely covering the upper part, while the lower produces roots. As the 
leaves die, year by year, and decay, a scar left in the form of a ring marks 
the place where each leaf was attached, that is, marks so many nodes, 
separated by very short intemodes. 

107. Some rootstocks are marked with large round scars of a different 

Pig. 98. A piece of the running rootstock of the Peppermint, with its node of 
ioint, and an axillary bud ready to grow. 
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sort, like those of the Solomon's Seal (Fig. 99), which gave this name to 

Ihe plant, from their looking somewhat like the impression of a seal upon 
wax. Here the 
rootslock aeuda up 
ever; spring an 
t herbaceous stalk or 
steal, which bear? 
the foliage and 
flowers, and dies 
in autumn. The 
tealis the circular 

tear left by the death and separatiou of tlie base of the stout stalk from the 

living rootstock. As but one of these is formed each jear, the; mark 

the limits of a year's growth. The bud at tlie cud of the rootstock in tha 

figure (which was taken in summer) will grow the next spring into the 

stalk of the season, which, d;ing in autumn, will 

leave a similar scar, while another hud will be formed 

farther on crowning the ever advancing summit or 

growing end -if the '"Ism 
108 A« each years growth of stem luakes its 

own roots it soon becomes independent of the older 

parti And after a certain age a portion aimuilly 

dies off behind about ah fast as it mcresses at the 

growing end death lolluwiiig life with equal and cer 

tarn step with oiil; a narrow interval In vigorous 

plants of Solomon s Seal or Ins the living rootstock 

IS several mches or a foot in length while in Ihe 

short rootstock of Tnlhum or Birtliroot (Fig. 100) 

life is reduced to a narrower span. 

109. An upright or short rootstock, like this of Trillium, is commonly 
called a C\cdes (93) ; or when more shortened and thickened it would 
become a conn. 

110. A Tuber may be understood to be a portion of a rootstock thick- 
ened, and with buds (eyes) on the sides. Of course, there are all grada f 
tions between a tuber and a rootstock. Helianthus tuberosus, the so-called 
Jerusalem Artichoke (Fig. 101), and the eominou Potato, are typical and 
familiar examples of the tuber. The stalks by which the tubers are at. 
tached to the parent stem are at once seen to be different from the roots, 
both in appearance and manner of growth. The scales on the tubers are the 
rudimenla of leaves ; the eyes are the buds in their axils. The Fotato-platit 




Fro. 98. Rootstock of Solomon's Seal, with the bottom of the stalk of the sea- 
ion, and the bnd for the next year's growth. 

Flo. 100. The very short rootstock and strong terminal bud of a Trilliom or 
BIrthroot 
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bas three forms of branches : 1. Those that bear ordinary leaves expanded 
Id the aji, to digest what they gather from it and what the roots gather 
from the soU, aad convert it into noiirishment. 2. After a while a secpnd 
set of branches at the summit of the plaat bear fiowers, which form &uit 
aud seed out of a portion of the nour- 
ishment which tlie IcavL'S liavi: pro- 
pared. 3. But a larger puit of lliia 
nouriahment, while iu a liquid state, 
is carried down the sti;m, into a third 
sort of branches undor ground, aud 
accumulated in the furrii of starch at 
their extremities, 
which become tu- 
bers, or deposito- 
ries of prepared 
solid food, — just 
as in the Turnip, | 
Carrot, and Dah- 
lia (Fig. 83-87), 
it is deposited in ™ 

'iie root. The use of the store of food is obvious enough. In the autumn 
the whole plant dies, except the seeds (if it formed them) and the tubers ; 
and the latter are left disconnected in the ground. Just as that small 
portion of nourishing matter which is deposited in the seed feeds the 
embryo when it germinates, so the much lai^r portion deposited in the 
tuber nourishes its buds, or eyes, when the; likewise grow, the next 
sprmg, into new plants. And the great supply enables them to shoot 
with a greater vigor at tlie beginning, and to produce a greater amount 
of vegetation tiian the seedling plant could do in the same space of time ; 
which vegetation in turn may prepare and store up, in tlie course of a 
few weeks or months, the largest quantity of solid nourishing material, 
in a form most available for food. Taking advantage of this, man has 
transported the Potato from the cool Andes of Cbili to other eool climates, 
and makes it yield him a copious supply of food, especially important in 
countries where the season is too short, or the summer's heat too little, for 
profitably cultivating the principal grain-plants. 

111. The Corm or SoUd Bulb, like that of Cyclamen (Fig. lOS), and 
of Indian Turnip (Fig, lOt), is a very short and thick fleshy subten'anean 
stem, often broader than high. It sends off roots from its lower end, or rather 
face, leaves and stalks from its upper. The corm of Cyclamen goes on to 
enlarge and to produce a succession of Sowers and leaves year after year. 



PiQ. 101. Tubers of Helianthua tuberosus, called " artichokes." 
Fia 102. Bnlblet-lihe tubers, such as are occaeianall; formed a 
Polalo-plant above ground. 
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That of ladi&a Tamip is fonned one year and is consumed tiie next. Fig. 

lOirepreseuU t u early su u er having below the cortn of last year, from 
wliiph tlie roots have lulleu It is parllj consumed by the growth of the 
stem for the season, and the 
corm of the year is fonning 
at base of the stem above 
^ the line of roots. 

112. The conn of Crocus 
(Fig. 105, 106), ULe that 
of its relative Gladiolus, is 
abo reproduced annually, 
"" "" the new ■.•nes forming upon 

the summ t and s des of he Id. Such a corni is like a tuber in bud- 
ding from the sides, i. e. from the axils of leaves; but these leaves, instead 
of being small scales, are the sheathing bases of to- 
liage-leaves which covered the surface. It res 
bles a true bulb Id having tliese sheaths or broad 
scales ; but in the corm or solid bulb, this solid part .< 
or stem makes up the principal bulk. 

113. The Bulb, atrictlj so-called, is a stem like 
a reduced corm aa to its solid part (or plate) ; 
wiiile the main body consists of thickened sa 
which are leaves or leaf-bases. These are like bud- 
Scales; so that in fact a bulb is a bud with fleshy 
scales on an exceedingly short stem Compare Oi 
White Lily bulb (Fig. 107) with the strong scaly 
buds of the Eickory and Horse chestnut fFig 72 
and 73), and the resemblaocp will appear In 
corma, aa in tubers and rootstocks, the store of 
food for future growth is deposited in the atem , 
while In the bulb, the greater part is deposited in _ 
the bases of the li:u , changing them into thick io8 
scales, which oloselv overlap or enclose one anotlier. 

1 14. A Scaly ilb (like that of the Lily, Fig. 107, 108) is one in which 
the scales are thick but comparatively narrow. 

115. A Tnnloatad or Coated Bolb is one in which the scales enwrap 
each other, fonning concentric coats or layers, as in Hyacinth and Onion. 

Fio. 103. Corm of Cyclamen, much reduced in tize : roots from lower face, leaf- 
■talks and flower-atalltB from the upper. 

FlO. 101. Corm of Indian Turnip (ArisBma). 

Fio. 105, Corm of a Crocus, the inTestlng sheaths or dead leaf-bases stripped 
off. The faint cross-lines represent the scars, where the leaves were attached, 1. e. 
the nodes i the spaces hetneen are the intemodes. The eibauated conn of the 
previom year ia nndemeath ; forming ones for neit vear on the iammit and Bides 

Fio. 106, Section of the same. 
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116. Bnlblets ate rerj small bulba growing out of lai^r ones 
imall bulbs produced aboi'e ground on some plants, as iu tbe axils o 
iesves of tiie bulbirerous Lilies of tbe gardens (Fig, 1101, and often i 
flower-clusters of tbe Leek and Onion. The; are plainlj y*-^ 

bods with tliickened scales. Tliej never grow into / ' 
branclieH, but detach tbcmselres when full grown, fall to J / 
the ground, and take root there to fofni new plants. J , >' 

117' Consolidated Vegetation. An ordiuar; hert, y' \'\ 
shmb, or tree is evideuilj constructed on the plan yw\ 
developing an extenaive surface. In fleahy rootstocks, ', ''. 

% 





tubers, corms, and Ijulbs, tbe more enduring portion of the plant is con- 
centrated, and reduced for tlut time of struggle (as against drought, heat. 
or cold) to a small amount of 
exposed surface, and this mostly 
sheltered in tbe soil. There are 
many similar consolidated forms 
which are not subterranean. 
Thus plants like tbe Houseleek 
(Fig. 91) imitate a bulb. Among 
Cactuses the columnar species of 
Cereus {Fig. 111,4), may be lik- ^ 

ened to rootstocks. A green rind serves the purpose y foliage ; but tbe 
surface is as notiiing compared with an ordinary leafy plant of the same 
bulk. Compare, for instance, the largest Cactus known, the Giant Cereus 
of tbe Gila River (Fig. Ill, in the background), which rises to the height 
of fifty or sixty feet, with a common leafj tree of the same height, such 
as that in Fig. 89, and estimate bow vastly greater, even without the foli- 
age, the surface of the latter Is than that of tbe former. Compare, in the. 

Fio. 107. Bulb of a wiia Lily, loa The same divlil«t lengthwise, showing two 
forming'bnda of the neit generation. 

Fio. 109. A ground leaf of White Lilj, its base (cut across) thickened into a 
onlb-srale. This plainly shows that bulb-scales are leaves. 

Fio. 110. Bulblets in the axils of leaves of a Tiger Lily. 
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ume Tiew, an Opuutia or Prickly-Pear Caclus, its stem and braoches 
formed of a succession of tliick and flatteued joints (Fig. Ill, a), which 
may be likened to tubers, or an Epipliyllum {d), having short and flat 
joints, with an ordinary leafy shrub or herb of equal siae. And finally, 
in Melon-Cactuses, Echiuocactus (e)> or other globoac forms (which may 
be likened to permanent corms), with their globular or bulb-like shapes, 
«e hare plants in the compactcst shape; their spherical ligure being such 
as to expose the least possible amount of substance to the air. These are 
adaptations to climates which are very dry, either thniughout or for a part 
of the year. Similarly, bulbous and corm-bearlng plants, and the like, are 
examples of a farm of vegetation which iu the growing season may expand a 
large surface to tbe air ajid light, while during tbe period of rest the living 
vegetable is reduced to a globe, or solid form of the least possible surface; 
and this protected by its outer coats of dead and dry scales, as well as by 
its situation under ground. Such are also adapted to a season of drought. 
Tliey laigely belong to countries wliicli bave a long bot season of little or 
no laiu, when, their stalks and foliage above and their roots beneath early 
perishing, the plants rest securely in their compact bulbs, filled with 
nourishment and retaining tbeir moisture with great tenacity, until the 
rainy season comes round. Then they shoot forth leaves and flowers with 
wonderful rapidity, and what was perhaps n desert of arid sand becomes 
green with foliage ttnd gay with blossoms, almost in a day. 
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Section VII. LEAVES. 

118. Stems bear leaves, at definite points (nodes, 13) ; and tliesir are 
produced in a great variety of forms, and subserve various uses. The 
commonest kind of leaf, which therefore may be taken as the type or 
pattern, is an expanded green body, by means of which the plant exposes 
to the air and light the matters which it imbibes, exhales certain portions* 
and assimilates the residue into vegetable matter for its nourishment and 
giowth. 

119. But the fact is already familiar (10-30) that leaves occur under 
other forms and serve for other uses, — for the storage of food already 
assimilated, as in thickened seed-leaves and bulb-scales ; for covering, as in 
bud-scales ; and still other uses are to be pointed out. Indeed, sometimes 
they are of no service to the plant, being reduced to mere scales or rudi- 
ments, such as those on the rootstocks of Peppermint (Fig. 97) or the 
tubers of Jerusalem Artichoke (Fig. 101). These may be said to be of 
service only to the botanist, in explaining to him the plan upon which a 
plant is constructed. 

120. Accordingly, just as a rootstock, or a tuber, or a tendril is a kind 
of stem, so a bud-scale, or a bulb-scale, or a cotyledon, or a petal of a flower, 
is a kind of leaf. Even in respect to ordinary leaves, it is natural to use 
the word either in a wider or in a narrower sense ; as when in one sense 
we say that a leaf consists of blade and petiole or leaf-stalk, and in another 
sense say that a leaf is petioled, or that the leaf of Hepatica is three-lobed. 
The connection should make it plain whether by leaf we mean leaf-blade 
only, or the blade with any other parts it may have. And the student will 
readily understand that by leaf in its largest or morphological sense, the 
botanist means the organ which occupies the place of a leaf, whatever be 
its form or its function. 



§ 1. LEAVES AS FOLIAGE. 

121. This is tautological; for foliage is simply leaves: but it is very 
convenient to speak of typical leaves, or those which serve the plant for 
assimilation, as foliage-leaves, or ordinary leaves. These may first be 
considered. 

122. The Parts of a Leaf. The ordinary leaf, complete in its parts, 
consists of blade, foot-stalk, or petiole, and a pair of stipules, 

123. First the Bla.de or I^amika, which is the essential part of ordinary 
leaves, that is, of such as serve the purpose of foliage. In structure it con- 
sists of a softer part, the green pulp, called parenchyma, which is traversed 
and supported by a fibrous frame, the parts of which are called ribs or vein», 
on account of a certain likeness in arrangement to the veins of animals. 
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The whole Rurfaee u covered by a transparent skin, the ^ndtrmu, not 

unlike that whicli covera tbe surface of all fresb shoots. 

124. Note that the leaf-blade expaods horizontallj, — that u, normallj 
presents ite faces one to the skj, the other to the ground, or when tbe 
leaf b erect the upper face looks toward tbe stem that bears it, tbe lower 
face away from it. Whenever this is not tbe case there is something to be 
explained. 

125. The framework consists of mood, — a fibrous and tougb material 
which rum from the stem through tbe leaf-stalk, when there is one, in the 

form ofparallelthi'eads or bundles of fibres; 
and in the blade these spread out in a bori- 
tontol direction to form the nhi and vfiia 
of the leaf The stout nan branches of 
the framework are called the Rtbs, When 
there IS onl; one as n F ^ 112, 114^ or ■ 
\ nuddle one dec dedl; lai^r than the rest, 
9 called the Mtdrtb Tl e smaller divi' 
13 are Jermed Fe lu and their still 
smaller subd vis ons Fnnlett Tbe latter 
eubdiv de aga n and aga n nntjl they be- 
come so fine that tliey are invisible to the 
naked eye. The fibres of which the; ai« 
composed are hollow; forming tubes b; 
which the sap is brought into the leaves 
and carried to every part. 

126. Venation is the name of the mode 
of veining, that is, of the way in which the 
veins are distributed in the blade. This is 
of two principal kinds; namely, ike parallei-ceiat^d, and the nelied-eeined. 

137. In Neited-veined (also called Reticulated) leaves, the veins branch 
off from the main rib or ribs, divide into finer and finer veinlets, and the 
branches unite with each other to form meshes of network. That is, they 
anatlomoae, as anatomists say of the veins and arteries of the body. The 
Quince-leaf, in Fig. 118, allows this kind of veining in a leaf with a single 
rib. Tbe Maple, Basswood, Plane or Buttonwood {Fig. 74) show it in 
leaves of several ribs. 

138. In parallel-neined leaves, the whole framework consists of slender 
ribs or veins, which run parallel with each other, or nearly so, from the 
base to the point of the leaf, — not dividing and subdividing, nor forming 
meshes, except by minute cross-veinlete. The leaf of any grass, or that of 
the Lily of the Valley (Fig. 113) will furnish a good illustration. Sueh 
parallel veins Linnaeus called iferees, and parallel-veined leaves are still 
commonlv called nerved leaves, while those of the other kind are said to be 

Vm. 112. Leaf of the Quince: 6, blade; ji, petiole; at, Btipolea. 
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veined, — l«tni3 which it is convenient to use, altiiongh these "nerves" 
and " Tcins " are all the same thing, and have no likeness to the neree* and 
little to the veins of animals. 

129. NeCfed-veined leaves belong to plants wiich have a pair of seed- 
leaves or ootjledoQS, such as the Maple (Fjg. 20, 3^,), Beech (I^g. 33), tiud 




the like ; while paralkt-mned or wnwrf leaves belong to plauts with one 
oatjIedoD or true seed-leaf; such as the Iris (Fig. 69), and Indian Cora 
(Fig. 70). So that a mere glance at the leaves generall; tclla what the 
structure of the embryo is, and refers the plant to one or the other of these 
two grand classes, — which is a great convenience. For when planta differ 
front each otiier in some one important respect, the; usuall; differ corres- 
pondingly in other respects also. 

130. Pai'allel- veined leaves are of two sorts, — one kind, and the com- 
monest, having the ribs or nerves all running from the base to the point of 
the leaf, as in the examples already given ; while in another kind they run 
from a midrib to the margiu, as in the common Fickerel-weed of onr 
ponds, in the Banana, in Calla (Fig. 114), and many similar plants of 
warm climates. 

131. Netted-veined leaves ai-e also of two sorts, as in the examples al- 
ready referred to. In one case the veins all rise from a single rib (tlie 
midrib), as in Fig, 112, 116-127. Such leaves are called Feather-veined 
or Penni-veiaed, l. e, Pianately-reined; both terms meaoiug the same thing, 
namely, that tlie veins are arranged od the sides of the rib hke the plume 
of a feather on each side of the shaft. 
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132. In the other case (as in Tig. 74, 129-132), the veins branch off 
from three, five, seven, or nine ribs, which spread from the top of the leaf- 
stalk, and run through the blade like the toes of a web-footed bird. Hence 
these are said to be Falmatelff or Digitately veined, or (since the ribs di- 
verge like rays from a centre) Eadiute-veined. 

133. Since the general outline of leaves accords with the frame- work or 
skeleton, it is plain that feather-veiiied (or penni-veined ) leaves will incline 
to elongated shapes, or at least to be longer than broad ; while in radiate- 
veined leaves more ronnded forms are to be expected. A glance at the 
following figures shows this. 

134. Forms of Leaves as to General Outline. It is necessary to give 
names to the principal shapes, and to define them rather precisely, since 
they afford easy marks for distinguishing species. The same terms are used 





115 116 117 118 119 120 

for all other flattened parts as well, snch as petals ; so that they make up a 
great part of the descriptive language of Botany. It will be a good exer- 
cise for yonng students to look up leaves answering to these names and 
definitions. Beginning with* the narrower and proceeding to the broadest 
fonns, a leaf is said to be 

Linear (Fig. 115), when narrow, several times longer than wide, and of 
the same breadth throughout. 

Lanceolate, or Lance-sltapedy when conspicuously longer than wide, and 
tapering upwards (Fig. 116), or both upwards and downwards. 

Oblong (Pig. 117), when nearly twice or thrice as long as broad. 

Elliptical (Pig. 118) is oblong with a flowing outline, the two ends alike 
in width. 

Oval is the same as broadly elliptical, or elliptical with the breadth con- 
siderably more than half the length. 

Ovate (Eig. 119), when the outline is like a section of a hen's egg 
lengthwise, the broader end downward. 

Orbicular, or Rotund (Fig. 132), circular in outline, or nearly so. 

135. A leaf which tapers toward the base instead of toward the apex 
may be 

Oblanceolate (Fig. 121) when of the lance-shaped form, only more tapering 
toward the base than in the opposite direction. 

Spatulate (Fig. 122) when more rounded above, but tapering thence to a 
narrow base, like an old-fashioned spatula. 



Fig. 115-120. A series of shapes of feather-veined leaves. 
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Obovate (Fig. 123) or inversely ovate, that is, ovate with the narrowei 
end down. 

Cuneate or Cuneiform, that is, A 
Wedge-ihaped (Fig. 124), broad /y 
above and tapering by ueariy 
straight lines to an acute angle at 
the base. 

136. As to the Base, its shape 
characterizes several forms, such as 
Cordate or Heart-shaped (Fig. 
120, 129), when a leaf of an ovate form, or something like it, has the out- 
line of its rounded base 
turned in (forming a 
notch or sinus) where the 
stalk is attached. 

Beniform, or Kidney^ 
shaped (Fig. 131), like 
the last, only rounder and 
broader than long. 

Auriculate, or Eared, 
having a pair of small 
126 128 127 and blunt projections, or 

ears, at the base, as in one species of Magnolia (Fig. 126). 

Sagittate, or arrow-shaped, 
where such ears are acute 
and turned downwards, 
while the main body of tlie 
blade tapers upwards to a 
point, as in the common 
Sagittaria or Arrow-head, 
and in the Arrow-leaved 
Polygonum (Fig. 125). 
Hastate, ox Halberd-shaped, 
when such lobes at the base 
point outwards, giving the 
shape of the halberd of the 
olden time, as in another 
Polygonum (Fig. 127). 

Peltate, or Shield-shaped (Fig. 132), is the name applied to a curious 
modification of the leaf, commonly of a rounded form, where the footstalk 
is attached to the lower surface, instead of the base, and therefore is natu- 

Fig. 121, oblanceolate ; 122, spatulate ; 123, obovate ; and 124, wedge-shaped, 
feather-veined, leaves. 
Fig. 125, sagittate ; 126, auriculate ; and 127, halberd-shaped or hastate leaves. 
Fig. 128-132. Various forms of radiate-veined leaves. 
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rally likened to a shield borne by the outstretched arm. The common 
Watershield, the Nelumbium, and the White Water-lily, and also the Man- 
drake, exhibit this sort of leaf. On comparing the shield-shaped leaf of 
the common Marsh Pennywort (Fig. 132) with that of another common 
species (Fig. 130), it is at once seen that a shield-shaped leaf is like a 
kiduey-shaped (Fig. 130, 131) or other rounded leaf, with tbe margins at 
the base brought together aud united. 

137* As to the Apex, the following terms express the principal yaria* 
tions : — 

Acuminate, PoitUedy or Taper-pointed, when the summit is more or less 
prolonged into a narrowed or tapering point; as in Fig. 133. 

Acute, ending in an acute angle or not prolonged point ; Fig. 134. 

Obtuse, with a blunt or rounded apex ; as in Fig. 135, etc. 

Truncate, with the end as if cut off square ; as in Fig. 136. 

Eetuse, with rounded summit slightly indented, forming a very shallow 
notch, as in Fig. 137. 

Emarginate, or Notched, indented at the end more decidedly; as in 
Fig. 138. 

Obcordate, that is, inversely heart-shaped, where an obovate leaf is more 
deeply notched at the end (Fig. 139), as in White Clover and Wood-sorrel ; 
so as to resemble a cordate leaf inverted. 

Cuspidate, tipped with a sharp and rigid point ; as in Fig. 140. 

Mucronate, abruptly tipped with a small and short point, like a mere 
projection of the midrib ; as in Fig. 141. 

Aristate, Awn-pointed, and Bristle-pointed, are terms used when this 
mucronate point is extended into a longer bristle-form or slender appen- 
dage. 

The first six of these terms can be applied to the lower as well as to the 
upper end of a leaf or other organ. The others belong to the apex only. 




138. As to degree and nature of Division, there is first of all the dit- 
ference between 

Simple Leaves, those in which the blade is of one piece, however much 
it may be cut up, and 

' Compound Leaves, those in which the blade consists of two or more sep- 
arate pieces, upon a common leaf-stalk or support. Yet between these two 
kinds every intermediate gradation is to be met with. 

139. As to Particular Outlines of Simple Leaves (and the same 
applies to their separate parts), they are 



Fio. 133-141. Forms of the apex of leaves. 
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Eitirv, when their general outline is completely filled out, bo that file 
margin is aa even line, without teeth or uotches. 

Sfirale, or Saa-toothed, when the margin only is cut into sharp teeth, 
. like those of a saw, and pointing forwards ; as in Pig. lis. 

7k»tale,0T Toothed, 
when such teeth pout 
ontwards, instead of 
forwards ; aa in Fig 
143. 

Crenale, or Seat- 
toped, when the t«etlt j 
afe broad and round 1 
ed 1 aa b Fig. 144 \ 

Bepand, Uitdntate, \ 
or Wavg, when the ^ 
margin of the leaf \ ^ |^ 
forms a wavy line, 
bending slightly m 
wards and outwards it 

Sinuate, when the margin is 
and outwards ; as in Fig 146 

Ineued, Out, or Jagged when tbe mai^u is cut into sharp deep and 
irregular teeth or incisions as m Fig 147 

Lobed, when deeply cut Then the pieces are m a general way called 
Lobes. The number of the lobes is briefly expressed by tbe phrase Aw- 
tobed, Iiree-lo6ed,^ve-loied, piaity-lobed, etc., aa the case may be. 

140. When tbe depth and character of the lobing needs to be more par- 
ticularly specified, the following terms are employed, viz. : — 

Lobed, in a special sense, when tbe incisious do not extend deeper than 
about half-way between the margin and the centre of the blade, if so far, 
and are more or less rounded ; as iu the leaves of the Post-Oak, Fig. 148, 
and the Hepatica, Tig. 153. 

Cte/l, when the incisions extend half way down or more, and especiaQy 
when they are sharp; as in Fig. 149, 1S3> Aud the phrases ttco-cleft, or, 
in the Latin form, hifid, three-eUft or frifii, Jbur-elejl or quadrifid. Jive- 
elfft or quinqn^d, etc., or many-eleft, in tlie Latin form, mutlifid,— express 
tiie number of the Segmenls, or portions. 

Parted, when the incisions are still deeper, but yet do not qnife reach 
to the midrib or the base of the blade; as in Fig. 150, 154. And" 
the terms too-parted, iiree-parted, etc., express the number of such 
dirisioDS. 

Divided, when the incisions extend quite to the midrib, as in tbe lower 
part of Fig. 151, or to the leaf-slalk, as in Fig. 155 ; wluoh really makes tba 

Fio. 142-147. Kinds of margin of leaves. 
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leaf oompoond. Here, nsing Ibe Latin form, the leaf is said to be iiteeieii, 
trUeeted C^'g- 1^^), et«., Bccordiag to the numher of tlie diviaioiis. 

141. The Ilode of Loblns or Di-viaioii corresponds to that of ilie 
veiniug, whetber/iiffnaff/y reiaedox patmalelg veined. In ttie former the . 
notchea or incisiona, or iinMie>, coming between the principal reins or riba 
are directed toward the midrib ; in the latter tbej are directed toward the 
apei of the petiole ; as the fl^rea show. 

143. So degree and mode of division may be tersely expressed in brief 
phrases. Tbns, in the four upper figures of pinnatel; veined leaves, the 
first is said to be piaaately lobed (iu the special seuae), the second pinnalefy 
cte/t (oi pinaati/id in Latiu form), the third pinnalely parted, the fourth 
pimialelf divided, or pimiaiiaected. 

143. Correspond iugly in the lower row, of palmately veined leaves, the 
first is palmatelg lobed, tbe aecond palmalely cleji, the third palrnalelg 
paried, tbe fourth palmatelg divided. Or, in other language of the same 
meaning (but now less commonly employed), they are said to be digifateljf 
lobed, ekft, parted, or divided. 

144. The number of the divisions or lobes may come into the phrase. 
Thus in the four last named figures the leaves are respectively palmatdj 




Ihree-tobed, Ihree-cUJt (or Ir^/ld), ikree-parted, three-divided, or better (ia 
Latin form), trisected. And so for higher numbers, Kafive-lobed,Jivei:leJl, 

FlQ. 14S, pinnstely lobed) 149, pltiDat«1y cleft; \SH, pinaately parted; 161, 
pinnalely (iividei, leaves. 

FiQ. 152, palmately three .lobed ; 163, palmately three-cleft | Ifi*, palmately 
three-parted : 155. palmately three-divided ar trisected, leav^. 
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etc.) up to many-hbedy many-cleft or multifid, etc. The same mode of ex« 
pression may be used for pinnately lobed leaves, as pinnatefy 7'loded, -cle/i, 
-parted, etc. 

145. The divisions, lobes, etc., may themselves be entire (without teeth 
or notches), or serrate, or otherwise toothed or incised; or lobed, cleft, 
parted, etc. : in the latter cases making twice pinnatifid, twice palmately or 
pinnately lobedj parted, or divided leaves, etc. From these illustrations 
one will perceive how the botauist, in two or three words, may describe 
any one of the almost endlessly diversified shapes of leaves, so as to give a 
clear and definite idea of it. 

146. Compound Leaves. A compound leaf is one which has its blade 
in entirely separate parts, each usually with a stalklet of its own ; and the 
stalklet is oitea jointed (or articulated) with the main leaf-stalk, just as this 




is ]oint«d with the stem. When this is the case, there is no doubt that 
the leaf is compound. But when the pieces have no stalklets, and are not 
jointed with the main leaf-stalk, it may be considered either as a divided 
simple leaf, or a compound leaf, according to the circumstances. This is 
a matter of names where all intermediate forms may be expected. 

147. While the pieces or projecting parts of a simple leaf-blade are 
called LodeSf or in deeply cut leaves, etc.. Segments, or Divisions, the sep- 
arate pieces or blades of a compound leaf are called Leaflets. 

148. Compound leaves are of two principal kinds, namely, the Pinnate 
and the Palmate; answering to the two modes of veining in reticulated 
leaves, and to the two sorts of lobed or divided leaves (141). 

149. Pinnate leaves are those in which the leaflets are arranged on the 
sides of a main leaf-stalk ; as in Fig. 156-158. They answer to the 



Pio. 156-158. Pinnate leaves, the first with an odd leaflet (odd-pinnate)\ the 
second with a tendril in place of uppermost leaflets ; the third cibrupHy pinnate^ 
or of even pairs. 
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fialAer-vetMed (i. t. pimalelg-neiiuid) simple Jeafj as will be seen at once 
on coDQparing tbe forms. Tbe kafleli o! the former answer to tlie loiet or 
diomoat of the latter ; and the continuation of the petiole, along which the 
leaflets are arranged, aoswers to the midrib of the simple leaf. 

150> Three sorts of pinnate leaves are liere given, fig. 156 is pituutle 
' with a» odd or end kaJUt, as in the Commau Locust and the Ash. Fig. 
157 ia pinnate milk a tendril at the end, iu place of the odd leaflet, as in 
the Vetches and the Fea. Fig. 15S is eveolj or abruptly pinnate, as ia the 
Honej-Locust. 
161. Palaale (also named Digitate) leaves are those in which the leaf- 
lets are all borne on the tip of the leaf- 
stalk, as ia the Lupiue, the Coinmon 
Clover, the Virginia Creeper (Hg. 93), 
and the Horse-chestnut and Buckeje 
(Fig. 169). Tliej evidently answer to 
the radiate-veined or palmately-cgimd 
simple leaf. That is, the Clorer-lcaf of 
three leaflets is the same as a palmatel; 
. three-ribbed leaf cut into three separate 
leaflets. And such a simple flve-lohed 
as that of the Sugar-Maple, if 
more cut, so as to separate the parts, 
would produce a palmate leaf of five i''aflets, like that of the Horae-chestuut 
or Buckeye. 

158. Either sort of compound leaf may have any number ot leaflets ; yet 
palmate leaves cannot well have a great many, since they are all crowded 
together on the end of the main leaf-stalk. Some Lupines have nine or 
eleven ; the Horse-chestnut has Eeven, the Sweet Buckeye more commonly 
five, the Clover three. A pinuate leaf often has only seven or five leaflets, 
or only three, as in Beans of the genus Phascolus, etc. ; in some rarer eases 
only i"ja; in tlie Orange and Lemon and also in the common Barberry 
there .8 only one ! The joint at the place where the leaflet is united with 
the peliole distinguishes this last case from a simple leaf. In other specie" 
of these genera the lateral leaflets ako are present. 

153. The Icaflefs of a compound leaf may be either entire (as in Fig. 
136-12S), or lerrate, or lobed, cleft, parted, etc. ; in fact, may present all 
tbe variations of simple leaves, and the same terms equally apply to them. 
164. When the division is carried so far as to separate what would be 
one leaflet into two, three, or several, the leaf becomes doublg or twiet 
compound, either pinnalely or palmalety, as the ease may be. For example, 
while the clustered leaves of the Honey- Locust are tiniply pinnate, that is, 
Mce pinnate, those on new shoots are bipinnate, or tieice pinnate, as in 
Fig. 160. When these leaflets are agdn divided in the same way, the leaf 

Via 158. Palroateford^tatelliiftfof fiveleaflots.of theawfletBnckBy& 
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becomes thrice pinnate, or tripinnate, aa id man; AoacUs. The first di?i- 
eioDs are called Pinna ; the others, Finsultii aud the loat, or little blades 
themselves, Leajtete. 

155> So the palmate leaf, if again 
compounded tn the same waj be- 
comes ttctce palmate, or as we saj 
when the divisioos are in threes, 
twice temate (in Latm form biter- 
Hate) ifathirdtimecompounded 
tknce temate or tntemate But 
if the division goes stdl further 
or if the degree is variable we 
aimplj sa; that the leaf is decom 
f(mnd, either palmatelj or pm 
nately decompound as the case 
may be Thus Fig 161 repre 
seots a tour times ternatelj com 
pound (m other words a tematelg 
deetmpoviti) leaf of a common 
Meadow Rue 

151). Wheu llie botanist, m de- 
scribing leaves, wishes hi express 
the number of the leaflets, he 
may nse terms like these : — 

Uni/oliolale, for a compound 
leaf of a single leaflet ; from the \ 

liBtin wmm, one, and foliolwii, UO 

leaflet. 

Bi/bliolaie, of two leaflets, from the Latin iU, twice, mA/oliolum, leaflet, 
Trifoliolale (or lemals), of three leaf- 
lets, as the Clover j and so on. 

Palmatefy bi/oliotate, tri/bliolate, 
qnadrifoliate, plurifaliolale (of several 
leaflets), etc. ; or else 

Pinnalelii lii-, tn-, quadn-, or ptuH- 
foliolate (that is, of two, three, four, 
J five, or several leaflets), aa the case 
may he; these are Icrse ways of de- 
noting in single phrases both the num- 
ber of leaflets and the kind of com- 
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-leaves having certain peculiarities in structure, the 



Fto. 160. A twioB-pinnale (abniptly) leaf o\ the Honej-Looust 
Fla. 161. Tamataly dscomponnd leaf of Muulow Rue. 
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16S. Perfoliate LaaTa& In these the etem that bean tbem 
run tlirougb the blade of the leaf, more or less above its base. A 





Bellwort (Uvularia perfoliata. Fig. 

163) is a familiar illustration. The i 

lower and earlier leaves show it 

distinct);. Later, the plant is apt 

to produce some leaves merely 

clasping the stem b; llie sessile 

and heart^haped base, and the 

latest may be merely sessile. So 

the series explains the i«culiarity ; 

ia the formation of the leaf the 

bases, meeting around the stem, grow together there. 

159. Connate-perfoliate. Such are tiie upper leaves of true Honey- 
suckles. Here (Fig. 163) of tlie opposite and sessile leaves, some pairs, 
especially the uppermost, in the course of t)ieir formation unite around the 
stem, wliicli thus seems to run tiirough the disk formed by their union. ' 

160. Equitant Leaves, While ordinary leaves spread horizontally, and 
present one face to the sky aud the other to tlie earth, there are some that 
present their tip to the sky, and their faces right and \e& to the horizon. 
Among these are the equitant leaves of the Iris or Flower.de-Luce. In- 
spection shows that each leaf was formed as il folded togeiker leTifftkwise, 

Fio. 162. Aaummer branch ofUvulamperroliatnt lower leaves perfoliate, uppei 
COrdate-claspiDE, uppermost simply sessile. 

Fib. 183. Branch of a Honaysuckle, with lonnate-perfoliate leaves. 

Fro. 164. Rnotstoclt and equitant leaves of Iris. 165. A section across the 
cluster of leavea at the bottom, showing the equitation. 
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SO that vhat wonld be tLe upper snrfikce b witbin, and all grovn together, 
except next the bottom, where each leaf covers the next younger one. It 
was from their straddling over each other, like a man on horseback (as is 
seen in ttis oross-sectiou, Fig. 165), that LiniiKus, with his lively fancy, 
called these Equitant leaves. 

161. Leaves with ao distinotlou of Petiole and Blade. He leavea 
of Iria just ueutioued show oue form of this. The flat but narrow leaves 
of Jonquils, Daffodils, and Ihe cylindrical leaf of Onions 
are other inaUnces. Needk-ihaped leaves, like those of 
the Pine, Lurch, and Spruce, and the awl-ikaped a! 
as the Male-shaped leaves of Junipers, Hed Cedar, and i 
Axbor-Vitte (Fig. 166), are examples, 

163. Phyllodia. Sometimes an expanded ^lefefe takes 
the place of the blade; as in numerous New Holland 
Acacias, some of which are now common in greenhouses. 
Such counterfeit blades are called phgUodia, — meaning 
leaf-like bodies. Tliej may be known from true blades 
by their standing edgewise, their margius being direcled 
upwards and downwards ; while in true blades the faces 
look upwards and downwards ; excepting in equitant 
leaves, aa already explained. 

163. Falsely Vertical Leaves. These are apparent 
exceptions to the rule, the blade standing edgewise in- 
stead of flatwise to the stemi but this position comes ■% 

by a twist of the stalk or the base of the 
bUde. Such leaves present the two 
faces about equally to the light. The 
Compass-plant (Silphium laciuiatum) is 
an example. So also the leaves of Bolto- 
ma, of Wild Lettuce, aud of a vast num- 
ber of Australian Myrtaceous shrubs 
and trees, vhii^li much resemble the 
phyllodia of the Acacias of the same 
countrv. They are familiar iu Calliste- 
moo the Bottle-brush Flower, and in 
Eucalyptus. But in the latter the 
leases of the young tree have the nor- 
mal structure aud position. 
164 Cladophylla, meaning branch- 
leaoM. The foliage of Ruscus (the Butcher's Broom of Kurope) and of 
Myrsiphyllum of South Africa {cultivated for decoration under the talss 

Fia. 168. Branch of Arbor-Vita, with awl-shaped and aoale-aliaped leavas. 
PlQ. 167. The amhignona leaf! (oladophyllum) of Myraiphyllum. 
Fio. ISS, Same of Ruscub, or Butoher'a Brooia 
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name of Smiki) is peculiar and pnzKlicg. It these blades (Fig. 1B7, 168) 

are reallj leaves, the; are most anomalous in nccupjing the axil of anoilier 
leaf, reduced to a little scale. Yet tliej have an upper and lower face, as 
leaves should, although the; soon twist, so as lo stand more or less edge- 
wise. If the; are branches which have assumed exactl; the fonn uid 
office of leaves, the; are eqiiall; eitraordiuar; in not mating an; further 
development. But in Ruscus, flowers are bome on one face, in tbe axil 
of a little scale: and this would seem to settle iJ)at the; are branches. Ic 
Asparagus just the same things as to positior ire tbread-abaped and 
branch- tike. 



$ 2. LEAVES OF BPECIAL CONFORMATION AND D8E. 

165. Loaves for Storage. A leaf ma; at the same time serve boUi 

ordinar; and special uses. Thus in those leaves of Lilies, such as the 
common White Lil;, which spring from the bulb, tbe upper and green part 
serves £or foliage 
and elaborates 
nourislimeot, while 
the thickened por- 
tion or bud-scale 
beneath serves foi 
the storage of this 
nonrishment. The 
thread shaped leaf 
of the Onion ful- 
fils the same office, 
and the nourisbing 
matter it prepares 
is deposited in 
its sheathing base, 
forming one of the 
concentric la je rs of 
the onion. When 
these layers, so thick and succulent, have given up their store to the grow- 
ing parts within, the; are left as thin and dr; busks. In a Houseleck, 
an Aloe or an Agave, the green color of the surface of the flesh; leaf indi- 
cates that it is doing the work of foliage ; the deeper- seated white por- 
tion within is (he storehouse of the nourishment which the gieen surface 
has elaborated. So, also, the seed-leavea or cotvlcdons are commonly used 
for stnmge. Some, ea in one of tbe Maples, the Pea, Horse-chestnut, 
Oak, etc. are for nothing else. Others, as in Beech and in our commoi 




Flo. 16D. A young Agave 



or Century-plant; fluhj-leavcd. 
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Beans, give fiunt mdicationa of service as foliage also, chiefly in vain. Still 

otiieis, *s in the Fnmpkin and Flai, having served for storage, develop 

iuto the first efficient foliage. Compare 

11, 32-30, and Ihe aeoompanjing figures. 




166. LeaTesasBnd-Scalesserre to 

protect tbe forming parts within. Hav- 
ing fulfilled this purpose thej comiDOnlj 
fall off when the shoot develops and 
foliage-leaves appear. Occasionallj, as 
in Fig. 170, there is a transition of bud- 
scales to leaves, wliiclj reveals the nature 
of the former. The Lilac also sliows a 
gradation from bud-scale tn simple leaf. 
In Comus florida (the Flowering Dog- 
wood), the four bud -scales which tlirough 
the winter protect the head of forming 
flowers remun until blossoming, and then the base of each grows out into 



%§ 



Tia. 170. Saries of bnd-ncalea and foliage-leaves fram a developing bud ot ths 
Low Sweet Buckeye (jEsonlus parvlflora), ihowing nearly complete gradation, from 
* >ca1e to a compound leaf of Are leaflets; and that tbe aodes aiiswer to reduced 
petioles. 

tia. 171- Shoot of common B&rberry, showing traneition of I'oliage-leavea to 
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■ luge aud very show; pebtl-like leaf; the original dr; scale ia apparent 
iu the notcU at the apex. 

167. Leaves as Spines occur in several plants. A familiar instance is 
that of tlie common Barberry (Fig. 171)- In almost anj sammcT shoot, 
most of the gradations may be sceo between the ordinary leaves, with 
sharp bristly teeth, atid leaves which are reduced to a branching spine or 
thom. The fact that the spines of tlie Barbeny produce a leaf-bud in 
their axil also proves them to be leaves. 




, Leaves for CllmUn? are various in adaptation. True foliage- 
leaves serve this purpose ; as in Gloriosa, vhere tbe attenuated tip of a sim- 
ple leaf (othemise like that of a Lily) hooks around a supporting object ; 
or in Sobnutn jasminoides of the gardens (Fig, 173), and in Maurandia, 
etc., where tlje leaf-stalk coils round aud cimgs to a support; or in the 
compound leaves of Clematis and of Adlumia, in which both the leaflets 
and their stalks hook or coil around tbe support. 

169, Or in a compound leaf, as in tbe Pea and most Vetches, and in 
Cobma, while the lower leaflets serve for foliage, some of the uppermost 
are developed as tendrils for climbing (Fig. 167). In the commou Pea this 
is so with all but one or two purs of leaflets, 

170, In one European Vetch, the leaflets are wanting and the whole 
petiole is a tendril, while tlie stipules become the only foliage (F'g- 173)- 

171, Leaves as Pitchers, or hollow tubes, are familiar in the common 
Pitcher-pkot or Side-saddle Flower (Sarracenia, Fig. 174) of our bogs. 
Tliese pitchers are generally lialf full of water, in which flies and other in- 
sects are drowned, often in such numbers as to make a rich manure for the 
plant. More curious are some of the southern species of Sarracenia, which 
seem to be specially adapted to the capture and destruction of flies and 
other insects. 
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172. The leaf of Nepenthes (Fig. 175) combine* three stmctoiei and 
naes. The expanded part belov is fo]iage : this tapers into a tendril for 




climbing ; and this bears a pitcher with a lid 
haps digested, in the pitcher. 

173. Leaves as Fly-traps. Insects are 
caaght in another way, and more expertly 
b; the most eitraordiaary of all the plants 
of this country, the DionKa or Venus s Flj 
trap, which grows in the sandy bogs around 
Wilmington, North Carolina. Here (Tig 
176) each leaf bears at its summit nn appen- 
dage which opens and shuts, in shape some 
thing like a steel-trap, and operating much 
like one. For when open, no sooner does 
a fly alight on its surface, and brush against 
any one of the two or three bristles that grow 
there, tlian the trap suddenly closes, captur- 
ing the intruder. If the fly escapes, the trap 
soon slowly opens, and is ready for another 
capture. When retained, the insect is after 
1 time moistened by a secretion from mi- 
nute glands of the inner surface, and is 
digested. In the various species of Drosera 

Fio. 174. Leaf of Sajracenia purpurea, eutire. 
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b; stiokiBft fast to very riaoid glands at the tip of strong brbtles, aided 
by adjacent gland-tipped bristles which beud slowly toward the captive 
The nse o! auoL adaptations and operations may be explained in another 
place. 



18. STIPULES. 

174. A leaf complete in its parts oonsista of blade leaf-stalfc or petiole, 

and a paic of stipules But most leaves have eitlier fugacious or minute 

stipules or none at all many bave no petiole (the blade being imiU oi 

atalkless); some have no cleat distinction of blade and petiole; and many 

"" of these such as tlioae of the Onion and 

allphyUodia(166) consist of petiole only 

li5 The base of the petiole ta apt to 

be broiiilened and flattened, sometimes 

tntothm margins aometimea into a sheath 

whicb embraces the st«m at the point of 

> attacbmaut 





176. Stipnles are such appendages, either wholly or partly separatea 
from the petiole. When quite separate they are said to he/ree, as in Y\g. 
118. When attached to the base of the petiole, as in the Itoae and in 

FlQ. 177. Leaf or Red Cloven sf, stipules, adhering to tbe base of p, tbe petiole) 
b, blade or three leaflets. 

Pio. 178. Part of stem and leaf ot Prinee's-Peather {Polygonnm orientsle} with 
the united sheathing stipules forming a slieatb or uerea, 

Via. 179. Terminal wintor bnd of M^nolia Umbrella, nstural riiB. 180. Outer- 
most bud-9CB]e (pair of stipules) detached. 
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Clover (Tig. 177). the? are adnale. When tlie two stipules unite and 
sheathe tlie stem above tlie insertion, as in Polygonum (Fig. 17S), lliis 
sheath is called an Ocrea, from its likeness to a greave or tcggin, 

177' In Grasses, when tlie sheathing base of the leaf maj answer to 
petiole, the suniriiit of the shealh cominoiil; projects as a thin and short 
membrane, like au ocrea: this is called a LiGVLi or Ligule. 

178. When stipuks are green and leat'-like the; act as so much foliage. 
In the Pea thej make up no small part of the actual foliage. In a related 
plant (Lathyrus Aphaca, fig. 173), they make the whole of it, the lemainder 
of the leaf bung tendril. 

179. In man; trees the stipules are the hud-scales, as in the Beech, and 
very conspicuously in the Fig-treci Tulip-tree, and Magnolia (Tig. 179). 
These fall oEF as the leaves unfold. 

180. The stipules are spines or prickles in Locust and several other 
Iie|;uiiduons tieea and shrubs ; they are tendrils in Smilax or Qreenhriet 



( i. TBB ARRAN6EMBNT OP LBATES 

181. FbpUotaxy, meaning leaf-arrangement, is the study of the position 
of leaves, or parts answering to leaves, upon the stem. 

US. The technical name for the attachment of leaves to the stem is 




the Uutrtion. Leaves (as ah«ady noticed, 64) are imerted in thiee modes. 
They are 

AUemate (Pig. 181), that is, one after another, or in other words, with 
only a single leaf te each node ; 

Flo. 1SI. Alternate leaves, la Linden, Lime-tree, or B:iss«ood> 
Tin. 182. Opposite leaves. In Red Maple- 
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OppotiU (Fig. 1S3), when there is a pair to each node, tha two leaves in 

thi* case being always on opposite sides of the atem ; 

WJtorUd or Ffrikillale (Y'lg. 1S3) when there are more than two lesTea 
on a node, in ivbich case the; divide the circle 
equallj between them, forming a Vertirel or whorL 
When there are three leaves iu tlie whorl, the 
leaves are one third of the circumference apart; 
when four, one quarter, and so on. So the plan of 
opposite leaves, which is verj common, is merel; 
that of wborled leaves, with the fewest leaves to the 
whorl, namelj, two. 

183. In both modes and in all tlieir modifio»- 
tions, the airaogement is such as to dbtribate the 
leaves syatematically and in a way to pve them a 
good exposure to the light. 
1S4. No two or more leaves ever grow from the same point. The so- 
called FaicicUd or Ctutlered leaves ar 
the leaves of a branch the nodea c 
which are very close, just as thej ar 
in the bud, ao keeping the leaves in 
duster. Tbia is evident in the Larch 
(Fig. 184), in which ezamination ahowa 
each cluster to be made up of nume- 
rous leaves crowded on a spur or short 
axis. In spring there are only auch 
clusters; but in summer some of them , 
lengthen into ordinary shoots with scat- 
tered alternate leaves. So, likewise, 
each cluster of two or three needle- 
shaped leaves in I'itch Pines (aa in Fig. 185), or of five leaves 
in White Pine, anawera to a similar extremely short branch, 
springing from the axil of a thin and slender scale, which „ 
represents a leaf of the main shoot. For Pines produce two 
kinda of leaves, — 1. primary, the proper leaves of the sliools, 
not as foliage, but in the shape of delicate scales iti spring, 
which aoon fall away ; and 2. secondary, ihe/asricled leaves, 
from buds in the axils of the former, and these form the 
actual foliage. 

Fig, 183. Whorteillenvea of Galium. 

F:o, 18*. A piece of Btem of Laroli with two dnstera <faacic!ea) of numerons 

FlO. 185. Piece of a. branch of Fitch Pine, with three leavcB in a faicicle or butt 
dl», in the aiil of a thin scale which answers to a primary leaf. The bundle is mr- 
rounded at the hi«e by a short sheath, formed of the delicate scales of tbe aiillaiT 
bod. 
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1S5. Fh^lloCasT' of Alternate Leaves. Alternate leares are distrib- 
uted along the stem in an order whicli is uniform for c&ch species. The 
an-augement in all its modifications is said t« be spiral, because, if we 
draw ft line from tiie ixttrtioa (i. e. the point of atUcliment) of one leaf to 
that of the nest, and so on, this line vill wind spirallj around tbe stem as 
it rises, and in the same species will always bear the same number of leaves 
for each turn round the stem. That is, an; two successive leaves will 
always be separated from each other bj an equal portion of the circum- 
ference of the stem. Tbe distance in height between an)' two leaves niaj 
vary great);, even on the same sboot, for that depends upon the length of 
the iutemodei, or spaces between tlie leaves ; but the distance as measured 
around the oiroumfereDce (in other words, the Angular Divergence, o\ 
fonned by any two successive leaves) is uniformly the si 

186. Two-ranked. Tlie greatest possible di- 
vergence is, of course, where the second leaf stands 
on exactly the opposite side of tbe sl«m from the 
first, the third on the side opposite the second, and 
therefore over tlie first, and the fourth over the 
second- Tliis brings all the leaves into two ranks, 
one on one side of the stem and one on the other, 
and is tberefore called the Two-ranked arrangement- 
It occurs in all Grasses, — -in Indian Corn, for in- 
stance; also, in the Sasswaod (Fig. ISl), This 
ia tbe simplest of all arrangements, and the one 
which most widely djstribut£a successive leaves, but 
which therefore gives the fewest vertical ranks- 
Next is the 

187- Three-ranked arrangement, — that of all 
Sedges, and of Widte Hellebore, Here the second 
leaf is placed one tiiird of the way round the stem, 
the third leaf two thirds of the way round, the fourth 
leaf accordingly directly over the first, the fiftli over 
the second, and so on. That is, three leaves occur 
in each turn round the stem, and they are separated 
from each other by one third of the circumference, 
(Fig. 186, 187.) 

188. Five-ranked is the next in the series, and 187 

the most common. It is seen in the Apple (Fig, 188), Cherry, Poplar, 
and the greater number of trees and shrubs. In this case the Une traced 
from leaf to leaf wilt pass twice round the stem before it reaches a leaf 
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situated directly over any below (Fig. 189). Here the sixth leaf is over 
the first ; the leaves stand in five perpendicular ranks, with equal anguki 
distance from each other; and this distance between any two successive 
leaves is just two fifths of the circumference of the stem. 

189. The five-ranked arrangement is expressed by the fraction |. Thia 

fraction denotes the divergence of jgg 

the successive leaves, i. e. the an- 
gle they form with each other : the 
'numerator also expresses the num- 
ber of turns made round the stem 
by the spiral line in completing 
one cycle or set of leaves, namely, 
two; and the denominator gives 
the number of leaves in each cy- 
cle, or the number of perpendic- 
ular ranks, namely, five. In the 
same way the fraction ^ stands for 
the two-ranked mode, and J for 
the three-ranked : and so these 

different sorts are expressed by 
:;ue series of fractions ^, J, f . Other cases follow in 
the same numerical progression, the next being the 

190. Eight-ranked arrangement. In this the ninth 
leaf stands over the first, and three turns are made 
around the stem to reach it; so it is expressed by 
the fraction |. This is seen in the Holly, and in the 
common Plantain. Then comes the 

191. Thirteen-ranked arrangement, in which the 
fourteenth leaf is over the first, after five turns around the stem. The 
common Houseleek (Fig. 191) is a good example. 

192. The series so far, then, is J, J, f , f , ^^^ ; the numerator and the 
denominator of each fraction being those of the two next preceding ones 
added together. At this rate the next higher should be ^j, then Jf , and 
so on ; and in fact just such cases are met with, and (commonly) no others. 
These higher sorts are found in the Pine Family, both in the leaves and 
the cones and in many other plants with small and crowded leaves. But 
in those the number of the ranks, or of leaves in each cycle, can only rarely 





Fio. 188. Shoot with its leaves 5-raiiked, the sixth leaf over the first; as in the 
Apple-tree. 

Fia. 189. Diagram of this arrangement, with a spiral line drawn from the attach* 
ment of one leaf to the next, and so on ; the parts on the side turned from the eye 
are fainter. 

Fig. 190. A ground-plan of the same; the section of the leaves similarly num- 
bered ; a dotted line drawn from the edge of one leaf to that of the next marks out 
the spiraL 
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be made out b; direct inspection. Tbey maj be indirectly ascertuned, bov- 

ever, bj studying the tecondary spirals, as tbe; an called, which usually 

become conspicuous, at leaat two aeries of them, onf 

turning to the riglit and one to the left, as shown ii: 

Pig. 191. Tor BLi account of the way in which the jj 

cJiaracter of the pliyllotasy may be deduced from the l 

secondary spirals, see Structural Botany, Chapter IV. 'si 

193. PhyllotaiyofOppositeandwhorledlieaves. * 
This is simple and comparatively uniform. The leaves 
of each pair or whorl are pWcd over tlie iiilervals 
between those of the preceding, and therefare under 
tbe intervals of the pair or whorl next above. The 
whorls or paira alternate or cross each other, usually 
at right angles, that is, tliey dectissate. Opposite 
leaves, that is, whorls of two leaves only, are far com- 
moner than whorls of three or four or more members. 
This arrangement in successive decussating pairs gives 
an advantageous distribution on tbe stem In four verti- 
cal ranks. Whorls of three give six vertical ranks, 
and BO on. Note that in descriptive botany leaves iu 
vhorls of two are simply called opposite leaves ; and 

that the term verticillate or tekorUd, is employed only ,. 

for cases of more than two, unless the latter number ^'^ 
is specified. 

194. Vomation or PrEefollatton, the disposition 
of the leaf-blades in the hud, comprises two things ; 1st, 
the way in which each separate leaf is folded, coiled, 
or packed up in the bud; and 3d, tbe arrangement 
of the leaves m the bud with respect to one another. 
The latter of course depends very much upon the 

pbyllotasy, i. e. the position and order of the leaves upon the stem. He 
same terms are used for it as for the arrangement of tbe leaves of the 
flover in tbe flower-bud. See, therefore, " .Estivation, or Priefloration." 

195. As to each leaf separately, it is sometimes straight and open in 
vernation, but more commonly it is either hmt, folded, or rolled up. When 
the upper part is bent down upon tbe lower, as tbe young blade in tbe 
Tulip-tree is bent upon the leafstalk, it is said to he Indexed or Reclitted in 
vernation. When folded by the midrib so that the two halves arc placed 
fece to face, it is CondupUcate (Tig. 193), as in the Magnolia, the Cheny, 
and tbe Oak. When folded back and forth like tbe plaits of a fan, it is 

[^0. 191. A young plant of the Houaeleek, with the leaves (not yet expanded) 
UDDibeiHl, and eihibiting the 13-ranked arTBDgement; and sbowing secondary 

Fro. 192. Opposite leaves of Buanymus, or Spindle-trM, ibowiag tbe racceBdve 
pain croesing eaeb other at right angles. 
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Plicate or Plaited (Fig. 194), as in the Maple and Currant. If rolled, it 
may be so either from the tip downwards, as in Ferns and the Sundew 

(Fig. 197), when in unroll- 
196 194 196 ing it resembles the head 

of a crosier, and is said to 
be Circinate; or it may be 
rolled up parallel with the 
axis, either from one edge 
into a coil, when it is Con- 
volute (Fig. 195), as in the 
Apricot and Plum ; or rolled 
from both edges towards 
the midrib, — sometimes 
inwards, when it is Invo- 
lute (Fig. 198), as in the 
Violet and Water - Lily ; 
sometimes outwards, when it is Revolute (Fig. 196), in the Eosemary and 
Azalea. The figures are diagrams, representing sections through the leaf, 
in the way they were represented by Linn»us. 




196 





198 



Section VIII. FLOWEES. 

196. Flowers are for the production of seed (16). Stems and branches, 
which for a time put forth leaves for vegetation, may at length put forth 
flowers for reproduction. 



1 1. POSITION AND ARRANGEMENT OP FLOWERS, OR INFLOR- 
ESCENCE. 

197. Flower-buds appear just where leaf-buds appear ; that is, they are 
either terminal or axillary (47-49). Morphologically, flowers answer to 
shoots or branches, and their parts to leaves. 

198. In the same species the flowers are usually from axillary buds only, 
or from terminal buds only; but in some they are both axillary and 
terminal. 

199. Inflorescence, which is the name used by Linnaeus to signify mode 
of flower-arrangement, is accordingly of three classes : namely, Indeterminate, 
when the flowers are in the axils of leaves, that is, are from axillary buds ; 
Determinatey when they are from terminal buds, and so terminate a stem 
or branch ; and Mixed, when these two are combined. 

200. Indeterminate Inflorescence (likewise, and for the same reason, 
called indefinite inflorescence) is so named because, as the flowers all come 
from axillary buds, the terminal bud may keep on growing and prolong the 
stem indefinitely. This is so in Moneywort, (¥\^. 199), 
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201. When flowers thus arise singly from the axils of ordinary leaves^ 
they are axillartf and solifaty, not collected into flower-clusters. 

202. But when several or many flowers are produced near each other, 
the accompanying leaves are 
apt to be of smaller size, or of 
different shape or character : 
then they are called Beacts, 
and the flowers thus brought 
together form a cluster. The 
kinds of flower-clusters of the 
indeterminate class have re- 
ceived distinct names, according to their form and disposition. They are 
principally Baceme, Corymb, Umbels Spike, Head, Spadix, Catkin, and 
Panicle, 

m 

203. In deflning these it will be necessary to use some of the following 
terms of descriptive botany which relate to inflorescence. If a flower is 
stalkless, i. e. sits directly in the axil or other support, it is said to be 
sessile. If raised on a naked stalk of its own (as in Fig. 199) it is pedun' 

culate, and the stalk is a Peduncle. 

204. A peduncle on which a flower-cluster is raised is a 
Common peduncle. That which supports each separate flower 
of the cluster is a Partial peduncle, and is generally called a 
Pedicel. The portion of the general stalk along which 
flowers are disposed is called the Axis of inflorescence, or, 
when covered with sessile flowers, the Rhachis (back-bone), 
and sometimes the Receptacle. The leaves of a flower-cluster 
generally are termed Bracts. But when bracts of different 
orders are to be distinguished, those on the common pedun- 
cle or axis, and which have a flower in their axil, keep the 
name of bracts ; and those on the pedicels or partial flower- 
stalks, if any, that of Beactlets or Bracteoles. The for- 
mer is the preferable English name. 

205. A Raceme (Fig. 200) is that form of flower-cluster 
in which the flowers, each on their own foot-stalk or pedicel, 
are arranged along the sides of a common stalk or axis of 
inflorescence; as in the Lily of the Valley, Currant, Bar- 
berry, one section of Cherry, etc. Each flower comes from 
the axil of a small leaf, or bract, which, however, is often 
so small that it might escape notice, and even sometimes (as 
in the Mustard Family) disappears altogether. The lowest blossoms of a 

Fio. 199. Piece of a flowering-stem of Moneywort (Lysimachia nummularia,) 
with single flowers successively produced in the axils of the leaves, from below 
upwards, as the stem grows on. 

Fio. 200. A raceme, with a general peduncle (p), pedicels {p% bracts {jb\ and 
bractlets (6'). Plainly the bracts here answer to the leaves in Fig. 109 
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Rueme are of coane the oldest, and therefore open fii^t, aud the order of 
blossommg .» ateending from the bottom to the top. The sanimit, never 
being stopped bj a terminal flower, maj go on to grow, aud often does 
so (as in the common Shepherd's Furse), prodncing lateral flowers one 
after another for maaj weeks. 

S06. A Ooirmb (Fig. 203) is the same as a raeeme, except that.it U 
flat and broad, either eoDvex, or level-lopped. That is, a raceme becomes 
a cot^inb b; lengthening the lover pedicels while the uppermost remain 




ihorter. The axb of a corjmb is short in proportion to the lower pedicels 

By extreme sbortening of the axis the corjmb may be converted into 

S07. An Umbel (Fig. 203) as in the Milkweed, a sort of flower-clustei 
where the pedicels all spring apparently from the same point, from the lop 
of the peduncle, so as to resenible, when spreading, the rays of an umbrella ; 
whence the name. Here tlie pedicels are soi>ietime8 called the 
Ea^t of the umbel. And Ihe brads, when brought in this way 
into a cluster or circle, form what is called an Involucbe. 

208. The corjmb and the umbel being more or less level- 
topped, bringiug the flowers into a horizontal plane or a con- 
vex form, the ascending order of development appears as Cfa- 
tnpetal. That is, the flowering piMceeds from the margin or 

. circumference regularly towards the ceulre; the lower flowers 
of the former answering to the oiiler onca of the latter. 

209. In these three kinds of flower-clusters, the flowers are 
raised on conspicuous pedicels (201) nr stalks of ibeir own. The 
shortening of these pedicels, so ns to render the flowers leailt 
or nearly so, converts a raceme into a Spike, and a corymb or an 
umbel into a Head. 

210. A Spike is a flower-cluster with a more or less length- 
ened axis, along which the flowers are sessile or nearly so ; as in 
the riantain (Fig. 204). 

A Head (^CupUulum) is a round or roundish cluster of flowers, 
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easile on a veij short axis or receptacle, as in the Button-ball, 
ii (Fig. SOS), aud Red Clover. It b just wliat a spike would 




trecome if its ana were shortened ; or an nmbel, if its pedicels were all 

shortened until the flowers became sessile. The head 

of the Button-bnsh is naked ; but that of the Thistle, 

of the Dandelion, and the like, is surrounded by empty 

bracts, which form an larolucre. Two particular forms 

of the spike and the head have received particular 

names, namely, the Spadix and the Catkin. 

212. A Spadli is a fleshy spike or head, with an 
and often imperfect flowers, as in the Calla, Indian 
Turnip, (I'ig. 306), Sweet Flag, etc. It is commonly 
surrounded or embraced by a peculiar enveloping leaf, 
called a SpatIce. 

213. A CatUn, or Ament, is the name given tu the 
scaly sort of spike of the Birah (Fig. 207) and Alder, 
the Willow and Poplar, aud one sort of flower-clnslers 
oftbeOak, Hickory, and the like, — the so-called j^mm- 
iaceoju trees. 

214. Compound flower-clusters of these kinds are 
not uncommon. When the stalks which in the sim- 
ple umbel are the pedicels of single flowers themselves 
branch into an umbel, a Compound Umbel is formed. 

Flo. 205. Head of the Button-bnsh (Cephatsnthns). 
Fia.206. SpadixandBpatheofthe Indian Tnrnipi thelatte: 
Fin. 207. Catkin, or Ament, of Birch. 
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This is the inflorescence of Csraway (Fig. 208), Parsnip, and almost all o( 
tbe great family of Umbelliferous (umbel-bearing) plants. 
215. Tlie second- 
ary or partial umbels 
of a componnd um- 
bel ai'e UUBIELLETB. 

When the umbellets 
are subtended by an 
involucre, this sec- 
ondary involucre is 
208 called an In VOLUCEL. 

216. A, Compound raeeae ia a cluster of racemes 
racemoBely arranged, as in Smikeina racemosa. A 
compound eorymi ia a corymb some branches of whicli 
branch again in the same way, as in Mountain Asb. A 
compound tpike is a spicately disposed cluster of spikes. 

217. A. Panicle, sucli as that of Oats and many 
Grasses, is a compound flowei^lustcr of a moic or less 
open sort which branches with apparent irregularity, 
neither into corymbs nor racemes. Fig. 209 repre- 
sents the simplest panicle. It is, as it were, a raceme 
of which some of the pedicels liave branched so as to 
bear a few flowers on pedicels of their own, while 
others remain simple. A compound panicle is oie that aw 
branches in thb vay agnin and again. 

316. Dsterminate Inflorescence is that in which the flowers are from 
terminal buds. The simplest case b that of a solitary terminal flower, as 





in Fig. 210. This stops the growth of the stem ; for its terminal bud, be- 
coming a blossom, can no more lengthen in the manner of aleat-bud. Any 

FlQ. 208. Compounil Umbel of Caraway. 

FlQ. 209. Diagram of a simple puiicK 

Fio. 210. Diagram of an opponite-lsaved plant, with a single terminal flower. 
811. Same, with a cyme of three floweraj a, the first (lower, of themaia aili: bb, 
thoH of bcandiea. 212. Same, with floweni also of the third order, c c 
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further growth must be from axillary buds developing into branches. If 
such branches are leafy shoots, at length terminated by single blossoms, 
the inflorescence still consists of solitary flowers at the summit of stem and 
branches. But if the flowering branches bear only bracts in place of ordi- 
nary leaves, the result is the kind of flower-cluster called 

219. A Qyme. This is commonly a flat-topped or convex floweixduster, 
like a corymb, only the blossoms are from terminal buds. 
Fig. 211 illustrates the simplest cyme in a plant with oppo- 
site leaves, namely, with three flowers. The middle flower, 
0, terminates the stem ; the two others, 6 b, terminate branches, 
one from the axil of each of the uppermost leaves ; and. being 
later than the middle one, the flowering proceeds from the 
centre outwards, or is Centrifugal, This is the opposite of 
the indeterminate mode, or that where all the flower-buds are 
axillary. If flowering branches appear from the axUs below, 
the lower ones are the later, so that the order of blossoming 
continues centrifugal or, which is the same thing, descending^ 
as in Fig. 213, making a sort of reversed raceme ox false ra- 
ceme, — a kind of cluster which is to the true raceme just 
what the flat cyme is to the corymb. 

220. Wherever there are bracts or leaves, buds may be 
produced from their axils and appear as flowers. Fig. 212 represents the 
case where the brandies, b b, of Fig. 211, each with a pair of small leaves 
or bracts about their middle, have branched again, and produced the 
branchlets and flowers c c, on each side. It is the continued repetition of 
this which forms the full or compound cyme, such as that of the Laures- 
tinus, Hobble-bush, Dogwood, and Hydrangea (Fig. 214). 

221. A Fascicle (meaning a bundle), like that of the Sweet William 
and Lychnis of the gardens, is only a cyme with the flowers much crowded. 

222. A Gloznerule is a cyme still more compacted, so as to imitate a 
head. It may be known from a true head by the flowers not expanding 
centripetally, that is, not from the circumference towards the centre. 

223. The illustrations of determinate or ct/mose inflorescence have been 
taken from plants with opposite leaves, which give rise to the most regular 
cymes. But the Rose, Cinquefoil, Buttercup, etc., with alternate leaves, 
furnish also good examples of cymose inflorescence. 

224. A Qymule (or diminutive cyme) is either a reduced small cyme of 
few flowers, or a branch of a compound cyme, i. e. a partial cyme. 

225. Scorpioid or Helicoid Cymes, of various sorts, are forms of de- 
terminate inflorescence (often puzzling to the student) in which one half of 
the ramification fails to appear. So that they may be called incomplete 
eymes. The commoner forms may be understood by comparing a complete 



Fia. 213. Diagram of a simple cyme in which the axis lengthens, so as to take 
the form of a raceme. 



cyme, like that of Fig 215 with Fig 216 the diagram of a CTine of an op- 
poaite-leaved plant havug a senes of tenninal flowers and the axis con- 




tinued by the deTelopraent of a branch in the axil of only one of the leaTes 
at each node. The dotted lines on the left indicate the place of t^e wanting 





branches, which if present wonld 
convert this norpioid eytse into the 
complete one of Fig. 215. Pig. 317 
is a diagram of similar infloresoence 
with alternate leaves. Both are 
kinds of j^/wracewe* (219). Wlien 
the bracts are also wautbg in such 
cases, as in many Borragineous 
plants, tile true nature of the in- 
florescence is very much disguised. 



Fio. 214. Compound cyma of Hydrangea arlroresoens, i 
flowers round the circumference. 
Fio. 215. A complete forkmg cyme of bd Arenaria, or Chickweed. 
Fio. 21S. Diagram of a avorpioid cyma, witti opposite leaves or bracts. 
Flo. 21T> DiBgrBm of analogoua goorpioid cyme, with alternate leaves or bracta. 



euti'al enlarged 



SECTION 8.] ORGANS OF THE FLOWER. 79 

226. These distinctions between determinate and indeterminate inflores- 
cence, between corymbs and cymes, and between the true and the false 
raceme and spike, were not recognized by botanists much more than half 
a century ago, and even now are not always attended to in descriptions. 
It is still usual and convenient to describe rounded or flat-topped and open 
ramification as corymbose, even when essentially cymose; also to call the 
reversed or false racemes or spikes by these (strictly incorrect) names. 

227. Mixed Inflorescence is that in which the two plans are mixed or 
' ^mbined in compound clusters. A mixed panicle is one in which, while 
^ae primary ramification is of the indeterminate order, the secondary or 
ultimate is wholly or partly of the determinate order. A contracted or 
elongated inflorescence of this sort is called a Thyasus. Lilac and Horse* 
chestnut aflbrd common examples of mixed infiorescence of this sort. When 
loose and open such flower-clusters are called by the general name of 
Panicles, The heads of Compositae are centripetal; but the branches or 
peduncles which bear the heads are usually of centrifugal order. 



{2. PARTS OR ORGANS OF THE FLOWER. 

228. These were simply indicated in Section II. 16. Some parts are 
necessary to seed-bearing ; these are Essential Organs, namely, the Stamens 
and Pistils. Others serve for protection or for attraction, often for both. 
Such are the leaves of the Flower, or the Floral Envelopes, 

229. The Floral Envelopes, taken together, are sometimes called the 
Pbbliahth, also Perigone, in Latin form Perigonium. In a flower which 
possesses its full number of organs, the floral envelopes are of two kinds, 
namely, an outer circle, the Calyx, and an inner, the CofiOLLA. 

230. The Oaljrx is commonly a circle of green or greenish leaves, but 
not always. It may be the most brightly colored part of the blossom. 
Each calyx-leaf or piece is called a Sepal. 

231. The Corolla is the inner circle of floral envelopes or flower-leaves, 
usually of delicate texture and colored^ that is, of some other color than 
green. Each corolla-leaf is called a Petal. 

232. There are flowers in abundance whi?h consist wholly of floral envel- 
opes. Such are the so-called full double Jlowers, of which the choicer roses 
and camellias of the cultivator are £%miliar examples. In them, under the 
gardener's care and selection, petals have taken the place of both stamens 
and pistils. These are monstrous or unnatural flowers, incapable of pro- 
ducing seed, and subservient only to human gratification. Their common 
name of double flowers is not a sensible one : except that it is fixed by 
custom, it were better to translate their Latin name, Jlores pleni, and call, 
them full fiowers, meaning full of leaves. 

233. Moreover, certain plants regularly produce neutral flowers^ consisu 
ing of floral envelopes only. In Fig. 214, some are seen around the margin 
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of the cyme in Hydrangea. The; ue likewise fBiniliar in the Hobble-busb 
and in Wild-Cranberrj tree, Vibutuura Oiycocous; where they form an 
attractire letting to the cluster of Bmall and oomparatively inconspicuous 




perfect flowers which tbey adoru. In the Guelder Rose, or Bnow-ball ol 
ornamental cultivation, all or moat of the blossoms of this same shrub are 
transformed into neutral flowers. 

234 The Essential Organs are likewise 
of two kinds, placed one above or within 
Uie other ; namely, first, the Staheks or 
fertilizing organs, and second, the Pistils, 
which are to be fertilized and bear the 
seeds. 

335. A Stamen consists of two parts, 
namely, the Tilament or stalk (Fig. 319 a), 
and tlie Anthbk (*). The btter is tie only '"■'' ™ 
essential part. It is a case, cocimoiilj with two lobes or cells, each opening 
lengthwise by a slit, at the proper time, and diacliarging a powder or dust- 
Eke substance, usually of a yellow color. This powder is the Pollbb, or 
fertilizing matter, to produce which ia the office of the stamen. 

336. A Pistil (Fig. 320, 221) when complete, has three parts; Ovaet, 
Stile, and Stigma. The Ovarg, at base, is the hollow portion, which con- 
tains one or more Ovtles or rudimentary seeds. The Sij/le is the tapering 

Tla. SIS. KflospUnua, namely, a fall double floner of Rose. 
Fia. S1E>. A stamen : a, filament : b, sotber, discliareing pollen. 
Fro. 220. A pistil ; with ovary, a, half cat away, to show the coet^ned ontlea ; 
b, (tyle : e, atigma . 
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portion above : the Stigma is a portioD of the atjle, usually its tip, vitb 
moist naked surface, upon wbicL grains of pollen maj 
lodge and adhere, and thence make a growth vliicli ex- 
tends dovn to the ovules. When thei« is no stjle then 
the stigma occupies the tip of the ovary. 

337. The Toros or Beoeptacld is the end of tlie 
. flower-staik, or the portion of axis or stem out of which 
the several oi^ana of the flower grow, upou which thej 
are home (Fig. 333). 

238. The parts of the flower are thus dbposed on the 
receptacle or asis essentiallj as are leaves upou a very 
short stem ; first the sepals, or outer floral leaves ; tiien 
the petals or inner floral leaves ; then the stamens ; lastly, 
at summit or centre, the pistils, when there ace two or 
more of them, or the single pistil, when only one. Fig 
333 shows the oigans disphiyed, two of each kind, of such 
a simple and symmetrical flower as that of a Seduni or 
Stonecrop, Pig. 232. 

221 
; 3. PLAN OP FLOWER. 

239, All flowers are formed upon one general plan, but with almost lu- 
finite variations, and many disguises. This common plan is best understood 
by taking for a type, or standard for comparison, some psr/eet, conplett. 







I such a blossom 



regular, and ^mvietrieal blossom, and o 
could well be. riowers are said to be 

Perfect {iermapArodile), when provided with botli kinds of essential or- 
gans, i, e. with both stamens and pistils. 

Complete, when, besides, they have the two sets of floral envelopes, namely, 

FiQ. 221. Model of a simple pistil, with ovary cut across and slightly opened 
centrally, to show t1i» ovulea und their attachment. 

Fio. 223. Flower of Sednm tflmatiira, a Stonecrop. 

Fio. 223. Parts of same, two of each kind, separated and displayed ; the toms or 
receptacle in the centre ; a, a sepal ; b, a petal ; c, a atamen t d, a pistil. 
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caljx and corolla. Such are oonpletelj furnished with all that belongs to 

Begular, when aL the parts of each set are alike in shape and size. 
Synwietrieal, when there is an equal number of parts m each set or circle 
at organs. 

2M. Flax-flowers were taken lor a pattern in Section II. 16. But in 
them the five pistils have their ovarieE as it were consolidated into one body. 
Sedam, Fig. 332, has the pistils and all the other parts 
free from such combmation. The flower is perfect, 
complete, regular, and symmetricul, but is not quite 
as simple as it might be ; for there are twice as man; 
there are of the other organs. Craasula, 
a relative of Sedum, cultivated in the conservatories 
for winter bloasomiog (Fig. 234) is simpler, being 
Uoitemoaotii, or with just as nianj stamens ss petals or 
sepda, while Sedum is diploilemonom, having double 
that number : it lias, indeed, two seta of stamens. 

241. Kumerical Plan. A certain uumher father 
rous through the flower or is discernible in some of 
its parts. This number is most comnionlj either five 
or three, not verj rarelj four, occasionallj two. Thus 
the ground-plan of the flowers thus far osed for illus- 
tration is five. That of Trillium (Fig. 326, 237) is 
reollj, if not as plainly, in Tulips and Lilies, Crocus, 





three, as it likewise 
Iris, and all that cli 



B Sedums all the flowers a 



of blossoms. 

fours. In others the first flowers are 
on the plan of Ave, the rest mostly on 
the plan of four, that is, with four sepab, 
four petals, eight 
stamens (i. e. twice 
four), and four pis- 
tils. Whatever the 
ground number may 
be, it runs through 
the whole in symmet- 
rical blossoms. 227 ex 

242. Alternation of tho Bnooessive Circles. In these flowers tbe 
parts of the successive circles alternate: and suoh is the rule That is, 

3^0.221. Flower ot a CrBssula. 225. Diagram or ground-plui of same. 

Fro. 22fi. Flower of HTrillium; its pnrtsin threes. 

Fio. 227. Diagram of flowerofTrillium. In this, as in all anch diagrama of cross- 
section of bloaaoma, the parta of tha outer circle reprsaent the c&lyx ; the next, ca- 
rollai within, Btamons (here in two circles of three each, and the croas-section is 
through the antheraj; in thBCBntrB,BBCtionof thre«ovari«s joined into a componnd 
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the petals stand over tlie intervals between the sepals ; the stamens, when 
of the same nnmber, stand over the intervals between the petals ; or when 
twice as many, as in the Trillium, the outer set alternates with the petals, 
and the inner set, alternating with the other, of course stands before the 
petals ; and the pistils alternate with these. Tliis i's just a? it should be on 
the theory that the circles of the blossom answer to whorls of leaves, which 
alternate in this way. While in such flowers the circles are to be regarded 
as whorls, in others they are rather to be regarded as condensed spirals of 
alternate leaves. But, however this may be, in the mind of a morphological 
botanist, 

243. Flowers are altered Branches, and their parts, therefore, altered 
leaves. That is, certain buds, which might have grown and lengthened 
into a leafy branch, do, under other circumstances and to accomplish other 
purposes, develop into blossoms. In these the axis remains short, nearly 
as it is in the bud ; the leaves therefore remain close together in sets or 
circles ; the outer ones, those of the calyx, generally partake more or less 
of the character of foliage ; the next set are more delicate, and form the co- 
rolla, while the rest, the stamens and pistils, appear under forms very dif- 
ferent from those of ordinary leaves, and are concerned in the production 
of seed. This view gives to Botany an interest which one who merely no- 
tices the shape and counts the parts of blossoms, without understanding 
their plan, has no conception of. 

244. That flowers answer to branches may be shown, first, from their 
position. As explained in the section on Inflorescence, flowers arise from 
the same places as branches, and from no other ; flower-buds, like leaf-buds, 
appear either on the summit of a stem, that is, as a t/Crminal bud, or in the 
axil of a leaf, as an axillary bud. And, as the plan of a symmetrical flower 
shows, the arrangement of the parts on their axis or receptacle is that ol 
leaves upon the stem. 

245. That the sepals and petals are of the nature of leaves is evident 
from their appearance ; they are commonly called the leaves of the flower. 
The calyx is most generally green in color, and fohaceous ( eaf-like) in 
texture. And though the corolla is rarely green, yet neither are proper 
leaves always green. In our wild Painted-cup, and in some scarlet Sages, 
common in gardens, the leaves just under the flowers are of the brightest 
red or scarlet, often much brighter-colored than the corolla itself. And 
sometimes (as in many Cactuses, and in Carolina Allspice) there is such a 
regular gradation from the last leaves of the plant (bracts or bractlets) into 
the leaves of the calyx, that it is impossible to say where the one ends and 
the other begins. If sepals are leaves, so also are petals ; for there is no 
clearly fixed Hmit between them. Not only in the Carolina Allspice and 
Cactus (Fig. 229), but in the Water-Lily (Fig. 228) and in a variety of 
flowers with more than one row of petals, there is such a complete transi- 
tion between calyx and corolla that no one can surely tell how many of the 
leaves belong to the one and how many to the other. 
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216. That stamens are of the same general nature u petals, and there- 
fore a modification of leaves, is shown b; tJie gradual bansitions that occui 
between tbe one and the 
other in manj bios- 
Boms ; espeoiall; in cul- 
tJTBt«d flowers, such as 
Boses and Camellias, 
when the; begin to 
double, that is, to change 
their stamens into pet- 
als. Some wild and 
natural flowers abow 
the same interesting 
transitions. Tbe Caro- 
lina Allspice aud tbe 
White Water-Lily ex- 
hibit complete grada- 
tions not onlj between 
sepals and petals, but 
between petals and stamens. The sepals of our Water-Lily are green out- 
side, but white and petal-like on the inside ; the petals, in man; rows, 
gradually grow narrower towards the centre of the flower j some of these 
are tipped with a trace of a yellow 
anther, but still are petals; the 
next are more contracted and sta- 
men-like, but with a flat petal-like 
filament; and a further narrow- 
ing of this completes the genuine 
stamen. 

247. Pistils and stamens now 
and then change into each other in 
some Willows ; pistils often turn 
into petab iu cultivated flowers; 
and in the Double Cherry they 
are occasionally replaced by small 
green leaves. Sometimes a whole 
blosaom changes into a cluster of 

green leaves, as in the "green ns 

roses " occasionally noticed in gar- 
dens, and sometimes it degenerates into a leafy branch. So the botanist 
regards pistils also as answering to leaves; that is, to single leaves when 
simple and separate, to a whorl of leaves when 




Fio. 228. SerieB of sepata, petals, uid b< 
tbe transitioDB. 
Tia.229. A Cactus bloMom. 



If WUte Water.Lily, gbonrins 
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5 4. MODIFICATIONS OF THE TYPE. 

3iB. The Deviations, aa tie; ma; be called, from the assumed type oi 
pattern of flower are most various and extensive. The differences between 
one species and another of the same genus are comparalivel; insignificant; 
those betweett different genera ace more striking ; tbose between diflerent 
families and classes of plants more aud more profound, Thej represent 
different adaptations to conditions or modes of life, some of whicb have 
□bvioiia or probable utilities, although others are bejoud particular eipU- 
Bfltion, The principal modiScationa maj be conveniently classified. First 
those which in place of perfect (otherwise caQed hermaphrodite or bisexual) 
flowers, gire origiu (o 

S49. Unisexual, or Separated, or DloUnoos FlouTers, imperfect flow- 
ers, as they Lave been called iu coutrHdistincUon to perfect flowers ; but that 





mbigiiju 
^ flowers want the "* 

stamens while others want the pistils Takmg 
htrin aphrodite Bowers as the patter it is natural 
to saj thiit llie mibsuif; orgtiis are tuppreaed This 
exprLssum is j iitih"d hy the serj n 
in wli cl tl -v 1 (; puts are abortive that is, 

are representpd by rudiments or lesliges which 
servo to eiemplifj the plan although nseless as 
to office Unisexual flowers are 

MoHaeioM (or Monoicoztf i e of one household), when flowers of both 
sorts or seitea are produced by the same mdmdual plant, as in the Rieinus 
or Castfli^oil Plant, Fig. 230. 

DirrcioM (or Diotcotu, i. e. of separate households), when the two kinds 
are borne on different plants; as in Willows, Poplars, Hemp, and Moon- 
seed, Fig. 231, 233. 

PolyffantoK), when the flowers are some of them perfect, and some 
staminate or pistillate only. 



Pio. 230. Uniseiual flowers of Castor-oil plant : i, ataininat 
Fro, 231, sUmlnats, and 232, pistillate flower of Moonseed. 



flower ; p, piitillat* 
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S50. A bloBBom LavJng atamens and do pistil is a Stamimite or Matt 
flower. Sometimes it ia called a Sterilt fiower, not appropriate! j, for otlier 
flowers ma; equally be sterile. Oue having piaul but no stamens is a 
PUlillaii or Female flower. / - ^ 

Sei. Incomplete Flowers are so named 
in contradislinction to complete ; they waut 
eilher one or both of the floral eavelopes. 
Those of Fig. 330 are incomplete, having ca- 
lyx bat so corolla. So is the Sower of Anem- 
ic (Fig. 2.13), although 
•j its calys is colored like a 
■' corolla. The flowers of 
SauTurusoc Lizard's-tail, 
altliough perfect, have neither calji n 
234), Incomplete flowt 
Naked ar Achlamydem 
^ velopea, as in Fig. 234, t 

Apetaloui, when wanting onl; the corolla. 
and caljs whoUj wanting is eitremelj ran 
instances. In fact, a sbgle or simple perianth 
unless the absence or abortion of a calyx 





r corolla (Fig. 
accordinglj, are 
destitute of both floral en- 

rhe case of corolla present 
although there are seeming 

taken to be a calyx, 

made evident. 



353. In contradistinction to 
regular and symmetrical, very 
many flowers are 

Irregular, tliat is, with the 
members of some or all of the 
floral circles unequal or dissim- 
ilar, and 

Umymmetrical, that is, when 
the circles of the flower or 
some of them dilTer in Ihe num- 
ber of tlieir members. (Sym- 
metrical and uiisym metrical are 
Daed in a different sense in some 
recent boolis, but the older use 
should be adhered to.) Want 
of nnmerical symmetry and 
irregularity commonly go to- 
gether; and both are common. 
Indeed, few flowers are entirely 

FlO. 233. Flower of Anemone PennBylmnica; apetalons, herin aphrodite. 
FiaS34. Flower of Sanrurua or Lizard'e-tail; naked, bnt hermaphrodite. 
Fm, 235. Flower of MiiBtard. 238. Its sIsmenE and pistil eeparatc and enlarged. 
FlQ. 237. FlDvrer of a Violet. 238. Ita calyi and corolla diKplayed: the fir* 
smauer parta are the eepala; the fire iLterrening lai^r ones are the petals. 




(^fX-^^ 
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■jmmetrical beyond caljx, corolla, and perbapa stamena ; and probablj no 
irreguki blossoms are quite syrametrical. 
S53. Irresinlar and UiUTmmetrioal Xlowars ma; therefon be iUnt- 





trated togetber, beginning with cases 
whiah are comparativelf free from other 
oomplioatioas. The blossom of Mustard, 
and of all tiie very natural family which 
it represents (F^. 235, 336). ia regular 
bat unajmmetrical In the etamens. There 
are four equal sepals, four equal petals ; 
hut six stamens, and only two members 
in the pistil, which for the present may 



no. 939. Flower of a Larkepar. 240. lU calyx and corolU displajred ; the Bv« 
la^er parts are the sepalai the fonr smaller, of two sliapes, are the petals] tho 
placautthe Bfth petal is vocant. 211. Diagram ot the aaroe) the place for the 
miaaing petal marked by a dotted line. 

Fio. 2i2. FlowerofaMonkahood. 2B. Ita partadiaplayeds flyeeepalaithonp- 
pef forming the hooili Iha two lateral alike, broad and flat; the two lower amall. 
nie two pieces nnder the hood repressRt the corolla, reduced to two odd-shaped 
petala; In centre the nnmerons stamena and three pistils. 244. Diagrcn of th* 
eal;z and corolla t the three dotUd lines In the place of missing petala. 
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be left ontofTiew, The want of symmetrj ia in the stamens. These are in 
two circles, an outer and an inner. The outer cirole consists of two stamens 
onlj; the inner has its proper number of four. The flower of Violet, which 
is on the plan of five, is symmetrical in calyx, corolla, and stamens, inas- 
much as each of these circles consists of five members ; but it is conspicu- 
ouslj irregular in tiie corolla, one of the petals being very different from the 

254. The flowers of Larkspur, and of Moutshood or Aconite, which are 
nearly related, are botL strikingly irregular in calyx and corolla, and cou- 
siderablj unsjmmetrical. In Larkspur (Fig. 239-241) the irregular oalyi 
consists ot five sepals, one of which, larger than tbe rest, is prolonged be- 
hind into a lurge sac or spur; but the corolla ta of only four petals (of two 
shapes), — tbe fifth, needed to complete tbe symmetry, being left out. And 
the Monkshood (Fig. 243-244) has (ive very dissimilar sepals, and a corolla 
of only two very small and curiously -shaped petals, — tlie three needed to 
make up tbe symmetry being left out. The stamens iu both axe out of 
symmetry with tbe ground-plan, being numerous. So are the pistils, wMoh 
are usuaUy diminished to ihree, sometimes to two or to one. 

255. Flowers -with Multiplication of Parts are very common. The 
._ stamens are indefinitely numerous 

in Larkspur and in Monkshood 
(Fig. 242, 243), while the pistils 
i fewer than the ground-plan 
^ suggests. Most Cactus-fiowers 
have all the organs much in- 
creased in number (Pig. 229), 
and so of tbe Water-Lily. In 
Anemone (Pig. 333) tbe stamens 
^^ and pistils are multiplied while 

the petals are left out. In Buttercups or Crowfoot, while tbe sepals and 
petals conform to tbe ground-plan of five, both stameus and pistils are indefl- 
nitely multiplied (Fig. 245). 

256. Flowers modified by Union of Parts, so that these parts more 
or less lose the appearance of separate leaves or other organs growing out 
of the end of tbe stem or receptacle, are ertremelj common. There are two 
kinds of such union, namely ; — 

Coalescence ai pai-ts of tbe same circle by their contiguous margins ; and 
Adnalion, or tbe union of adjacent circles or unlike parts. 

257. Coalescence is not rare iu leaves, as in the upper pairs of Honey- 
suckles, rig. 163. It may all the more be enpeoted in the crowded circles 
or whorls of flower-leaves. Datara or Stramonium (Fig. S46) shows this 
coalescence both in calyx and corolla, tbe five sepals and the five pelals be- 
ing thus nnited to near their tips, each into a tube or long and narrow cup. 
These unions make needful tbe following terms : — 

Flo. 245. Flower of Ranunculus bulboaus, or Buttercup, in Section. 
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Qamopetaloiu, said of a corolla the petab of which are thus coalescciit 
into one body, whether onlj at base or higher. The union maj extend to 
the verj summit, aa in Morning Glory and 
the like (Fig. 247), so that the aiunher of 
petals in it ma; not he apparent. The old 
name for this was Monopetalom, but that 
means "one-pelalled;" wliile gamopetalons 
means " petals united," and therefore is the 
proper terra. 

Polypeiatott! is tlie counterpart term, to 
denote a corolla of distinct, that is, separate 
petals. As it means " many petalled," it ts 
not the best possible name, but it is the old 
one and in almost universal use. 

Oamoaepalout applies to the calyx when 
the sepals are in this way united. 

Fol^sepatoas, to the calyx when of sepa- 
rate sepals or calji-leaves. 

258, Degree of union 01- of separation in 
descriptive botany is expressed in the same 
way as is the lobing of leaves (139) See 
Fig. 219-253, and the explanations 

S59> A corolla when gaaiopetaJous com- 
monly shows a distinction (well marled in 
Fig. 349-251) betweenacontiacted tubular 
portion below, the Tcbb and the spread 
ing part above, the Bohdek or Limb The 
junction between tube and limb or a more 
or less enlai^d upper portion of the tube 
between the two, b the Thboat. The 
same is true of tjie calyx. 

260. Some names are given to partic- 
■ forms of the gamopetalons corolla. 



applicable also 

Wheel-tkaped, 
ing out at once 
a very short ■ 



a gamosepalous calyx, 

ir Rotate: when spread- 
witliout a tube or with 
:thing in the shape 




of a wheel or of its diveiging apolea. Fig. 
852, 253. 
Salver-iiaped, or Saher-Jbrm ; when a flat-spreading boivJer is lused on 

Fia246. Flower of Datura Stramonhini I gamoaepalous anil garaopetalooB. 
Fro. 247. Punnelform corolla of a common Morning Glory, detached ftwo II* 
polysepaloua calyi. 
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a narrow tube, from which it diverges at right angles^ like the salver rep 





resented in old pictures, with a slender 
handle beneath. Fig. 249-251, 255. 

Bell-shaped, or Campanulate ; where 
a short and broad tube widens upward, 
in the shape of a beU, as in Fig. 254. 

Funnel-shaped, or Funnel-form ; grad- 
ually spreading at the summit of a tube which is narrow below, m the 





254 265 256 257 258 

shape of a funnel or tunnel, as in the corolla of the common Morning 
Glory (Fig. 247) and of the Stramonium (Fig. 246). 

Fig. 248. Polypetalous corolla of Soapwort, of five petals with long claws* or 
stalk-like bases. 

Fig. 249. Flower of Standing Cypress (Gilia coronopifolia); gamopetalous: the 
tube answering to the long claws in 248, except that they are coalescent: the limb 
or border (the spreading part above) is five-parted, that is, the petals not there 
united except at very base. 

Fig. 250. Flower of Cypress- vine (Ipomoea Quamoclit); like preceding, but limb 
fvoe-hhed. 

Fig. 251. Flower of Tpomofta coccinea; limb almost entire. 

Fig. 252. Wheel-shaped or rotate and five-parted corolla of Bittersweet, Solanum 
Dulcamara. 253. Wheel-shaped and five-lobed corolla of Potato. 

Fig. 254, Flower of a Campanula or Harebell, with a campanulate or bell-shaped 
corolla; 255, of a Phlox, with salver-shaped corolla; 256, of Dead-Nettie (Lamium), 
with labiate ringent (or gaping) corolla; 257, of Snapdragon, with labiate person^ 
ctte corolla; 258, of Toad- Flax, with a similar corolla spurred at the base. 
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Tuiuiar ; when prolouged into a tube with Uttle or no spreading it the 

border, as in the corolla of the Trumpet Honeysuckle the oalji of Stn 

monium (Fig. 246) etc 
S61. Altbougb sepals and petals are usually alt bkde or lamma (133) 

like a sessile leaf jet the; maj have a contracted and stalk-4ike base an 
svenng to petiole This 
IS called its Clat in 
Latiu Ungutt Unguicu 
tale petals are muversal 
aod stronglj marked in 
the Pink tnbe as in 
SoapwoH (lig 248) 
_ - 362 Such petals and 
''^==-^^ various others may have 

» 280 an outgrowth of the m 

ULT face into an appendage or fringe as in Soapwort and in Silene (Fig 

359), where it is at the junction of 

claw and blade. This is called a 

Cbowh, or Corona. In Passion- 
flowers (Fig. 260) the orown consists 

of numerous threads on the base of 

each petal. 
363. Irregular Flowers may be 

potypelalons, or nearly so, as in tjie 

papilionaceous corolla; but most of 

thera are irregular through coales- 
cence, which often much disguises 

the numericEil symmetry also. As 

affecting the corolla the following 

forms hare received particular names -. 
864. Papillonaoeous Corolla, 

Fig. 361, 362. This is polypetalous, 

except that two of the petals cohere, 

usually but sligblly. It belongs only 

to the Lcgnminona or Pulse family. 

The name means butterfly-like ; but 

the likeness is hardly obvious. The 
names of tlie five petals of the 

papilionaceaus coroEa are curiously 
iucongnioiis. They are, 




Pro, 268. Ungni™late(d,wed) petal ofaSilene; with a two-parl*d ct 
FlO. 260. A Bmnll Passion -flnwer, with crown of (lender threads. 
Fia. 261. Front riew of a pnpitionaceoui corolla. 262. The parta of 
(Usplayed: «, Standard, or Vexillam ; w, Winga, or Alie ; k. Keel, or Cai 



98 FLOWBBS. [SECTIOS 8 

The Standabd or Banner (Fexillum), the lai^ upper petal which b 
external in the bud and wrapped around tlie others. 

The Wisos i4lai), the pair of aide petals, of quite Cerent shape from 
the atandard. 

The Keel {Carina), the two lower and usually smallest petals ; these are 
lightly coalesccnt into a hodj which bears some likeness, not to the keel, 
hut to the prow of a boat; and thia encloses the stamens and pistil. A 
Fea bloaaom is a typical example - the present illustration is from a species 
ofliocust Robniahspda 
865 Labiate Corolla (b g 256-258), which would more properly have 
heeu called Bilabiate, that is, two-lipped. 
This is a comrooo form of ganiopetalous co- 
rolla ; and the calys is ofteu bilabiate also. 
These flowers are all on the plan of five; 
and the irregularity in the corolla is owing 
to unequal union of the petals as well as to 
diversity of form. The two petals of the 
upper or posterior side of the flower unite 
w th each other higher up than with the 
Uteral petals (in Fig. SS6, quite to ihe top), 
forming the Upper lip: the lateral and the 
lower similarly unite to form the Lower lip. 
\ The single uotch wliich is generally found 
at the summit of the upper lip, and the two 
notches of the lower lip, or in other words 
the two lohes of the upper and the three of 
the lower Up, reveal the real composition. 
So also does the alternation of these five 
parts with those of the calyx outside. When 
the calyx ia also bilabiate, as in the Sage, 
thb alternation gives three lobes or sepals 
■j to the upper and two to the lower lip. Two 
. ■ ) forms of the labiate corolla have been desig- 

Riagenl o 
wide open, s 

Personate or Masked, when a protube- 
rance or intrusion of the base of the lower 
** lip (called a Palate) projects over or closes 

the orifice, as ia Snapdragon and Toad-ria^. Fig. 357, 358. 

Fio. 263. Corolla of a purpls Gerardia iaiii open, showing the four atamansi the 
cross shows where the fifth stamen would be, if present. 

PiQ. 264. Corolla, laid open, and stamens of Pentstemon grandiflorus, with a 
sterile filament in the place of the fifth stamen, and representing it- 

Fra. 266, Corolla of Catalpa laid open, displaying two good Btaroena and three 
abortivB ones or vestiges. 




■ Gaping, when the orifice is ' 
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366. There are all gradations between labiate and regular coroUaa. In 
those of Gerardia, of some species of Peutstemon, and of Catalpa (Fig. 
S63-S65), the labiate character is sl^bt, but is manifeat on close inspection. 
In almost all such flowers tbe plan of five, which is obTious or ascertain- 
able in the caljs and corolla, is obacurcd in the stamens by the abortion or 
suppression of one or three of their number. 

267. Ligulate Corolla. The ligulate ot Strap-thaped coroUa mainl; 
bebngs to the f&mil; of Composita, in which unmeroua small flowers are 




gathered mto a head, within an involnore that imitates a calyx. It is best 
exemplified in the Dandelion and in Chiccory {Fig. 266). Each one of 
these straps or Ugule*, looking like so many petals, is the eorolk of a dis- 




Hnet flower : the base is a abort tube, which opens out into the ligule : the 
five minute teeth at the end indicate the number of constituent petals. So 
this ia a kind of gamopetalous corolla, which is open along one side nearly 

Fra 266. Two flower-heada of Cliiccory, 

Fro. ai7. One of th»m half cut iway, better showior same of the flow««. 
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to the baH, and ontspread The nature of such a corolla (and of the eta- 

mena nlso to be explained in the next section) a illustrated b; the flowei 

of aLibeJia Fig 3S5 
263 In Asten Daisies Sunflower, Coreopsis (Fig. S6S), and the like, 

only the mai^nal (or Say) coroUaa are ligulale, tlie rest (those of iJie 
Dui) aip regularly gamopetalous, 
tnbalar and Gve-lobed at summit; 
y but they are small and individually 
inconspicuous, onlj tlic ray-JloKreri 
making a shoT. In tact, those of 
CoTeopaia and of Sunflower are 
simply for show, these ray-flowers 
being not only sterile, but Kealral, 
that is, having neither stamens 
nor pistil. But in Asters, Daisies, 

Goldai-rodfl, and the like, these nj-flowen are pistillate and fertile, serring; 





theiefoK for seed-bearing as well as for show. Let it not be supposed tliat 
the show is useless. See Section XIII. 

S69. Adnation, or Consolidatton, is the nmoa of the members of parts 
belonging to different circles of the flower (250), It is of course under- 
stood that in this (as likewise in coalescence) the parts are not formed and 
then conjoined, but are produced in unioo. They are bom nnit«d, as the 
tenn adaate implies. To illustrate this kind of union, take the accompany- 
ing series of flowers {Fig. 270-274), sbown in vertical section. In the 
first. Fig. S70, Flax-flower, there is no adnation; sepals, petals, and sta- 
Siens, aKfree as well as distmct, being separately borne on the receptacle, 
jne circle witbiii or above tlie next ; only the five pistils have their ovaries 
coalescent. In Fig. S71, a Cherry flower, the petals and stamens are borne 
on the throat of the cslyi-tube ; that is, the sepals are coaleacent into a cap, 
and the petals and stamens are adnate to the inner &ce of this; in other 

Fio. 268. Head of flowars of a Coreopsis, ilivided lengthwiBe. 

Fig. 269. A slice of the pMoedlng more enlarged, with one tiibular perfect flower 
Ja) left standing on the receptacle, with ite bractlet or chaff {b), one lignUtn and 
neutral myltower (cc), and put of another; dd, section of bracts or lenvei of tlu 



SBcnON 8.] MODIFICATIONS OF THE TYPfc. 95 

words, the sepals, petals, and stamens are all oonsolidttted up to a certain 

beigbt. In Fig. 37S, a Purslane-flower, the same pacts are adoate to or 

consolidated with the ovar; up to 

its middle. In Fig. 373, a Haw 

tfaom-flower, the consolidation has [ 

extended over the whole ovai; ; |i 

and petals and stamens are aduate ^ 

to the caljx still further. In Fig. 

371, a CranberrT'blossom, it is tl 

ume except that all the parts am 

free at the same height all seem 

to arise from the top of the ovary 

370. In botanical description 
to express terselj such differences 
in the relation of these oi^ans to 
the pistil, thej are said to be 

SjfpogjfHoui (i e under the pis 
til) when thej ace 8]]./5w that is 
not aduate to pistil nor connate 
with each other as in Fig 970 

Perigj/noiu (around the pistil) 
when connate with each other 
that is, when petals and stamens 
are iiuerled or home on the caljx, 
whether as in CLerry flowers (Fig 
871) tliey are free frum the pisbJ, 
or as in Purslane and Hawthorn \ 
(Fig. S7S, 973} they are abo ad 
Date below to the ovary 

EpigynowM (on the ovary) when 
so adnate that all these parts ap. '^ 

pear to arise from the very aammit of the ovary as ii 
last two terms are not very definitely distrnguiaLed 

S71. Another and a simpler form of expression is to descnbe parta of 
the flower aa bcmg 

I^ee, when not unit«d with or imerted upon other parts 

DUtincl, when parts of the same kind are not united. This term is the 
eonnterpart of coalescent, as free is the oounterpart of adnate. Many 
writers use the term " free " indiscriminately for both ; but it is better to 
distinguish them. 

FlO. 270 FUi-flawer In aectioi 

Fia. 271. Cheirj-SawerlUBect 
peijgynous. 

Fia. 272. Fnrslane-flower in Mctioiii calyx, p«bUa, itsmens, bU Mlna(« t< 
tuU of 0TU7, — pcrigjnoni. 




1 Fig 274 
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Connale is a term common for either not five or not (listiiict, that is, fbl 
(tarta united congeiiitally, whether of same or of different kinds. 
JdMoit, as propeclf lued, tdates to tiie amon of dissimilar puts. 

S7S. In still another form of ei- 
-,. pressioo, the terms superior and 

' ) inferior have been much used in 
the sense of above and beloT. 

Superior is aaid of the ovary of 
FlaS'flower, Cherry, eh:., because 
above the other parts; it is equiv- 
alent to "ovary free." Or it is 
said of the calyx, etc., when above 
the ovary, as in Fig. S73-375. 
. In/mar, when applied to the 
ovary, means the same as "calyx 
adnate ; " when applied to the flo> 
ral envelopes, it means that they 

S73. I ositloii of Flower or 
of Its Parts. The terms superior 
and inferior, or upper and lower, 
are also uaed to indicate the relative 
position of the parts of a flower in 
*f* reference to the axis of inflorcs- 

oenoe. An axillary flower stands between the bract or leaf which sub- 
tends it and the axis or stem wbicb bears this bract 

[-^ or leaf. This is repraaented in ^ 

sectional diagrams (as in Fig. 275, 
376) by a transverse line for the 
bract, and a small circle for the a 
I of inflorescence. Now the side o 
e blossom which feces the bract 
the 



Anterior, or Injerior, or Loteer side ; •n.,___j>' 

while the side next the axis is the m 

Poiterior, or Superior, or Uppir side of the flower. 
274. So, in the labiate corolla (Fig. 256-358), the lip which la eompoBeo 
of three of t)ie five petals is the anterior, or inferior, or ioaer Up; the Other 
is the posterior, or superior, or upp^ li p. 





i<r% 



Fw, 273. Hawthora-liloBBqra in f 
»nd with each other beyond 1 anotlie: 

Flo. 274. Cranbtrry-blosaora in se. 

Fio. 275. Diagram of papilianacec 
k>*i axis of inflorescence abore. 

Fia. 276. Diagram of Violet-flowe 



«tioni parts adnate to whole face of omy, 

grade of periBynone. 

tioE i parts epiRynous. 

19 flower (Robinia, Fig. 281), with bnot Iw 

; sliowlDg the relatioii of parte to braot and 
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275. In Violets (Fig. 238, 276), the odd sepal is posterior (next the 
axis) ; the odd petal is therefore auterior, or next the subtending leaf. In 
the papilionaceous flower (Fig. 261, and diagram, Fig. 275), the odd sepal is 
anterior, and so two sepals are posterior; consequently, by the alternation, 
the odd petal (the st-andard) is posterior or npper, and the two petals form- 
ing the keel are anterior or lower. 



§ 6. ARRANGEMENT OF PARTS IN THE BUIX 

276. uSstivation was the fanciful name given by Linnaeus to denote 
the disposition of the parts, especially the leaves of the flower, before Jn- 
theHSy i. e. before the blossom opens. Prasflorationy a better term, is some- 
times used. This is of importance in distinguishing diflerent families or 
genera of plants, being generally uniform in each. The aestivation is best 
seen by making a slice across the flower-bud ; and it may be expressed in 
diagrams, as in the accompanying figures. 

277. The pieces of the calyx or the corolla either overlap each other in 
the bud, or they do not. When they do not overlap, the sestivation is 

Falvale, when the pieces meet each other by their 
abrupt edges, without any infolding or overlapping ; 
as the calyx of the Linden or Basswood (Fig. 277). 
Tnduplicate, which is valvate with the margins of 
each piece projecting inwards, as in the calyx of a 
common Virgin's-bower, Fig. 278, or 

Involute, which is the same but the margins rolled 
inward, as in most of the large-flowered species of 
Clematis, Fig. 279. 
BedupUeaU, a rarer modification of valvate, is similar but with margins 

projecting outward. 
(^^^ Open, the parts not touching in the bud, as 

61 the calyx of Mignonette. 
Of 278. When the pieces overlap in the bud, it 
"teS) is in one of two ways ; either every piece has 
one edge in and one edge out, or some pieces 
are wholly outside and others wholly inside. In 
the first case the sestivation is 

Convolute, also named Contorted or Tmsted, as in Fig. 280, a cross-sec- 
tion of a corolla very strongly thus convolute or rolled up together, and in 
the corolla of a Flax-flower (Fig. 281), where the petals only moderately 
overlap in this way. Here one edge of every petal covers the next before 





27b 



Fig. 277* Diagram of a flower of Linden, showing the calyx valvate and corolla 
Imbricate in the bud, etc. 

Fio. 278. Valvate-indnplicate asstivation of calyx ot common Virgin's-bower 
Pig. 279- Valvate-involute aestivation of same in Vine-bower, Clematis Vitialla. 

7 
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ity while its other edge is covered by the next behind it. The other mode 
IS the 

Imbricate or Imbricated, in which the outer purts cover or overlap the 
inner so as to '* break joints," like tiles 
or shingles on a roof; whence the name. 
/ ^J/ !/l W^^^ ^^6 parts are three, the first or 
I >Se^^ ontermost is wholly external, the third 
^55^^=^ wholly internal, the second has one 
2jjy margin covered by the first while the 

other overlaps the third or innermost 
piece: this is the arrangement of alternate three- 
ranked leaves (187). When there are five pieces, as in the corolla of Fig. 
225, and calyx of Fig. 281, as also of Fig. 241, 276, two are extemaL 
two are internal, and one (the third in the spiral) has one edge covered 

by the outermost, while its other edge covers the in- 
nermost; which Is just the five-ranked arrangement of 
alternate leaves (188). When the pieces are four, two 
are outer and two are inner ; which answers to the ar* 
langement of opposite leaves. 

279. The imbricate and the convolute modes some- 
times vary one into the other, especially in the corolla. 

280. In a gamopetalous corolla or gamosepalons calyx, 
the shape of the tube in the bud may sometimes be notice- 
able. It may be 

Plicate or Plaited, that is, folded lengthwise ; and the 
plaits may either be turned outwards, forming projecting 
ridges, as in the corolla of Campanula; or turned in- 
wards, as in that of Gentian Belladonna ; or 
282 Supervolute, when the plaits are convolutely wrapped 

round each other, as in the corolla of Morning Glory and of Stramonium, 
Fig. 282. 





"Section IX. STAMENS IN PARTICULAK 

SSI. AndrcBoitim is a technical name for the staminate system ot <• 
fiower (that is, for the stamens taken together), which it is sometimes con- 
venient to use. The preceding section has dealt with modifications of the 
flower pertaining mainly to calyx and corolla. Those relating to the sta- 
mens are now to be indicated. First as to 



Fig. 280. Convolute aBstivation, as in the corolla-lobes of Oleander. 

Pig. 281. Diagram of a Flax-flower; calyx imbricated and corolla convolute to 
the bud. 

Fio. 282. Upper part of corolla of Datura Stramonium in the bud ; and belo« 
t^ Election showinpr the convolution of the plaits. 
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SS3. Insertion, or plitce of atkclimeiit. The stameoa luaallj go mih 
the petals. Nut rarel; tliej are at base 

SpipelaloMS, tliat is, inserted 
OD (or adtiate to) tlie corolla, as 
in Pig. 283. Wliea free, from 
the corolla, the; maj be 

HgpiigynoJti, imerted on the 
receptacle under tlie pistil or 
gjineoium. 

PeriggMm, inserted on the 
eaiji, that ia, with the lower 
part of filament adnate lo the 
caljK-liibe. 

EpiggnOKs, borne apparently o 
plained in Fig 270-274 
&y*androu* is another term relating to inserlion of rarer occurrence, 
that IS where the stamens are 
inserted on (in other word"^ 
adnate to) the sljle as lu 
^ Ladr's Slipper (Fig 284) and 
m the Orchis family gcnerallj 
383. In Relation to each , i- 
" Otlier, stamens are more coi IN' 
moiily I II ^ 

Di I n t that w thout any J^ | . 




1 the top of the ovary j all which i: 




>Tth 



I oti 



But 




when un ted tl f llo 
^ techu c I t of long i 

indicate the mod s f mutual o t n — 

ilomdelpk a (f din two G e k d neai ng in one brotherhood "), 
when united by their filamenis iuto onp set usually into a ring or cup 
below, or into a tube, as in the Mallow Family (hg 286) the Passion- 
flower (Fig 260) the Lupine (Fig. 237), and in Lobelii (Fig 285) 

DiadelpAoui (meaning in two brotherhoods), when united by the fila- 
ments into two seta, os in the Pea and most of its near relatives (Fig. 288), 
usually nine in one set, and one in the otlier. 

Triadelphoua (three hrotherlinods), when the filamenis are united in three 
seta or clusters, as in most species of Hypericum. 



Fro. 283. Ctorolltt of Morning Gtoty laid open, to iihow the five stamens inserteil 
on it, near the base, 

FjQ, 284. Style of a Lady's Slipper (Cypripedium), and Htamens united with it ; 
«i a. the anthers of the two gooil stamens ; st, an ahortiva stamen, wliat should 
be its anther changed into a petal-lil<e budy ; slig, the stigma, 

Pio.285. Flower of Lobelia eardinalis. Cardinal flower; corolla making approach 
lo the ligulate fornii filaments (i() monailelphous, and anthers (o) syngenesions. 
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PenlaMphoiu (five brotherhoods), wben in five « 
of Hjperioumand in American Lindeu (Fig. 377, 389). 

Polgadelphoita (man; or several 

brotlierboods) is tlie ttrm geuerallj 

emplojed when tliese seta are several, 

:ven more tbau tvo, and tbe par- 

I ticukr number is left uospecilied. 

ise terms all relate to tbe lila- 




s in some species 



^ngeneiioui ia the term to denote 

t stuuena liAve tbeirantbeni united, 

coalesceut into a ring or tube ; as in 

_____ Lobelia (Fig. 385), iu Violets, and in' 

all of the great I'amil; of Composila. 

284. Their Number in a flower is commonlj expressed direcily, but 
sonietimea adjeotively, by a series of terms which were the name of classes 
in the Liunteaii artificial system, of which the following names, as also tbe 
pteeediiig, are a survival; — 

Moaandrous, i.e. solitary-stamEned, when the flower has only one stamen, 

Diandroui, when it has two stamens ouly, 

Tfiandroas, when it has three 
stampDS, 

Tetrandrova, when it has four 
stamens, 

Pentandrow, when it has 
five stamens, 

HMandroua, when with six 
atamens, and so on to 

PofyaHdraui, when it has "" a« »» 

many stamens, or more than a dozen. 

385. For which terms, see the Glossary. They are all Qreek numerals 
prefixed U) -andria (from the Greek), which LinnBos used for andrttcitm, 
and are made into an English adjective, -androtu. Two other terms, of 
same origin, designate particular cases of number (four or six) in con- 
nectiim with unequal length. Namely, the stamens are 

Didyaanious, when, being only four, they form two pairs, one pair longer 
than the other, as in (he Trumpet Creeper, in Gerardia (Fig. 263), etc. 

Fig. 288. Flower of a Mallow, with calyi and corolla cut away ; showini; mooa' 
delphoua atnniens. 

Fia.287. MonBdelpbonsstameDaofLnpine. 288. Diaddpboui stameng (9 and 1) 
ofaPea-bloaaom. 

Flo. 289. One of the tivs Btamen-clnrters of the flower of American Linden, with 
accompaiiyinR scale. The five clneters are ahown In section in tbe diaRrara of this 
flower, F^. 277. 

FlO. 290. Five syngenesious stamens of a Coreopsis. 291. Same, wlUi tnbe laid 
• and displayed. 
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TetradfnamauSf when, being only six, four of them surpass the other 
two, as. in the Mustard-flower and all the Cruciferous family. Fig. 235. 

286. The Filament is a kind of stalk to the anther, commonly slender 
or thread-like : it is to the anther nearly what the petiole is to the blade of 
a leaf. Therefore it is not an essential part. As a leaf may be without 
a stalk, so the anther may be Sessile, or without a filament. 

287. The Anther is the essential part of the stamen. It is a sort of 
case, filled with a fine powder, the Pollen, which serves to fertilize the pis- 
til, so that it may perfect seeds. The anther is said to be 

Innate (as in Fig. 292), when it is attached by its base to the very apex 
of the filament, turning neither inward nor outward ; 

Adnate (as in Fig. 293), when attached 
as it were by one face, usually for its whole 
length, to the side of a continuation of the 
filament; and 

Versatile (as in Fig. 291), when fixed by 
or near its middle only to the very point of 
the filament, so as to swing loosely, as in 
the Lily, in Grasses, etc. Versatile or ad- 
nate anthers are 

Introrse, or Incumbent, when facing in- 
ward, that is, toward the centre of the flow- 
er, as in Magnolia, Water-Lily, etc. 

Extrorse^ when facing outwardly, as in the Tulip-tree. 

288. Rarely does a stamen bear any resemblance to a leaf, 
or even to a petal or flower-leaf. Nevei-theless, the botanist's 
idea of a stamen is that it answers to a leaf developed in a 
peculiar form and for a special purpose. In the filament he 
sees the stalk of the leaf; in the anther, the blade. The 
blade of a leaf consists of two similar sides ; so the anther 
consists of two Lobes or Cells, one answering to the left, the 
other to the right, side of the blade. The two lobes are often 
connected by a prolongation of the filament, which answers 
to the midrib of a leaf ; this is called the Connective. This 
is conspicuous in Fig. 292, where the connective is so broad 
that it separates the two cells of the anther to some distance. 

289. A simple conception of the morphological relation of 
an anther to a leaf is given in Fig. 295, an ideal figure, the lower part rep- 
resenting a stamen with the top of its anther cut away; the upper, the 
corresponding upper part of a leaf. 

Fia. 292. Stamen of Isopynim, with innate anther. 293. Of Tulip-tree, with 
adnate (and extrorse) anther. 294. Of Evening Primrose, with versatile anther. 

Fio. 295. Diagram of the lower part of an anther, cut across above, and the upper 
part of a leaf, to show how the one answers to the other; the filament to petiole^ 
- the oonnective to midrib; the two cells to the right and left halves of the blade. 
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290. So anthers are generally iwo-celled. But as the pollen begins to 
form in two parts of each cell (the anterior and the posterior), sometimes 
these two strata are not confluent, and the anther even at maturity may be 
four^ceUedf as in Moonseed (Fig. 296) ; or rather, in that case (the word 

cell being used for each lateral half of the 

r¥'\ ^^il^i [ ii organ), it is two-celled, but the cells bilocel^ 

LXJ /\J y/L# lale. 

291. But anthers may become one-celled, 
and that either by conflueuce or by suppres- 
sion. 

292. By confluence, when the two cells 
run togetlier into one, as they nearly do in 
most species of Pentstemon (Fig. 297), more 
so in Monarda (Fig. 300), and completelj 

m the Mallow (Fig. 298) and all the Mallow family. 
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Fig. 296. Stamen of Moonseed, with anther cut across; this 4-celled9 or rather 4- 
locellate. 

Fio. 297. Stamen of Pentstemon pubescens ; the two anther-cells divei^ng, and 
almost confluent. 

Fig. 298. Stamen of Mallow ; the anther supposed to answer to that of Fig. 297, 
but the cells completely confluent into one. [ 

Fig. 299. Stamen of Globe Amaranth ; very short filament bearing a singl ^ 
anther-cell; it is open from top to bottom, showing the pollen within. 

Fig. 300-305. Stamens of several plants of the Labiate or Mint Family. Fig. 
300. Of a Monarda : the two anther-cells with bases divergent so that they are 
transverse to the filament, and their contiguous tips confluent, so as to form one 
cell opening by a continuous line. Fig. 301. Of a Calamintha: the broad connec- 
tive separating the two cells. Fig. 302. Of a Sage (Salvia Texana ; with long and 
slender connective resembling forks of the filament, one bearing a good anther-cell I 
the other an abortive or poor one. Fig. 303. Another Sage (S. coccinfta\ wHh 
connective longer and more thread-sliaped, the lower fork having its anther-cell 
wholly wanting. Fio. 304: Of a White Sage, Audibertia grandiflora; the lower 
fork of connective a mere vestige. Fig. 305. Of another White Sage (A. stacby' 
oides), the lower fork of connective suppressed. 
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293. By suppression m certain cases the anther may be reduced to one 
cell or halved. Li Globe Amaranth (Fig. 299) there is a single cell without 
vestige of any other. Different species of Sage and of the White Sages of 
California show various grades of abortion of one of the auther-ceils, along 
with a singular lengthening of the connective (Fig. 302-305). 

294. The splitting open of an anther for the discharge of its pollen is 
termed its Dehiscence, 

295. As the figures show, this is commonly by a line along the whole 
length of each cell, either lateral or, 
when the anthers are extrorse, often 
along the outer face, and when introrse, 
along the inner face of each cell. Some- 
times the opening is oidy by a chink, hole, 
or pore at the top, as in the Azalea, Py- 
rola (Fig. 307), etc. ; sometimes a part of 
the face separates as a sort of trap-door 
(or valve), hinged at the top, and open- 
ing to allow the escape of the pollen, 
as in the Sassafras, Spice-bush, and Barberry (Fig. 308). 

296. Pollen. This is the powdery matter, commonly of a yellow color, 
which fills the cells of the anther, and is discharged during blossoming. 
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after which the stamens generally fall or wither away. Under the micro- 
scope it is found to consis. of grains, usually round or oval, and all alike 
in the same species, but very different in different plants. So that the 
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plant may sometimes be recognized from the pollen alone, 
are shown in the accompanying figures. 
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Several forms 



Fro. 306. Stamen with the usual dehiscence of auther down the side of each cell. 

Pio. 307. Stamen of Pyrola; cells opening by a terminal hole. 

Fio. 308. Stamen of Barberry; cells of anther each opening by an uplifted valve. 

Fio. 309. Magnified pollen of a Lily, smooth and oval ; 310, of Echinocystis, 
grooved lengthwise; 311, of Sicyos, with bristly points and smooth bands; 312, ol 
Musk Plant (Mimulus), with spiral grooves; 313, of Succory, twelve-sided and 
dotted. 

Pig. 314. Magnified pollen of Hibiscus and other Mallow-plants, beset with 
prickly projections ; 316, of Circeea, with angles beaiing little lobes; 316. of Fvetj. 
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S97. An ordiiur; poUen-gnin Iiaa two ooato; the outer coat IMckish, 
but weak, aiid frequently adorned with linea or bands, or studded with 
points ; the inner coat is extremely thin and delicate, but extensible, and 
its earitj when fresh contains a tliickish protoplasmic fluid, often rendered 
turbid bj an immense number of minute particles that float in it. As the 
pollen matures thb fluid usually dries up, but the protoplasm does not kse 
its vitality. When the grain b wetted it absorbs water, swells up, and is 
apt to burst, dischargiog the contents. But when weak 
syrup is used it absorbs this alowly, and the tough ii 
ner coat will soDietimes break tbraugb the outer and 
begin a kind of growth, like that which t«kes place when 
the pollen is placed upon the stigma. 

293. Some pollen .grains are, as ' 
were, lobed (as iu Fig. 315, 316), c 
formed of four grains united (as iu III 
Heath family, Fig. 317) : that of Pine ' 
(Pig. 318) has a large rounded and empty 
bladder-like expansion upon each side. 
This renders such pollen very buoyant, 
and capable of being trans- 
ported to a great distance JU 
by the wind. /^ 

299. In species of Acacia \ B 
simple grains lightly cohere ^ m 
into globular pellets. In wm ^ 
Milkweeds and in most sia ma 

Orchids all the pollen of an 
anther-cell is compacted or coherent into one mas 
PoLUNiuu, plural Polunia. (Fig. 319-322.) 

li^ Primmse, the thre? lobes as large as the uentraJ bodyi 317, of Kalmia, four 
grains united, as in most of the Heath family; 318, of Pine, as It were of three 
grains or cells united; the lateral empty and light. 

Fio. 310, Polteo, apairofpollinia of a Milkweed, Asclepiaa, attached b; stalks 
toagland; raodcratel; inagnifled- 

Fio. 320. FDllinium of an Orchis (Habenaria), with its stalk attached to s 
sticky glandi magnified. 321. Some of the packets or partial pollinia, ot which 
Fig. 320 is made up, more magnified. 

Pio. 322. One of the partial pollinia, lorn np at top lo show tbe gi^ns (wiioii 
w each DomiMwed of four), and highly magLified. 
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Section X. PISTILS IN PARTICULAR. 

§ 1. ANGIOSPERMOUS OR ORDINARY GYNCECIUM. 

300. G^CBoium is the technical name for the pistil or pistils of a 
flower taken collectivelj, or for whatever stands in place of these. The 
various modifications of the gynoecium and the terms which relate to 
them require pai-ticular attention. 

301. The Pistil, when only one, occupies the centre of the flower; 
when there are two pistils, they stand facing each other in the centre of 
the flower ; when several, they commonly form a ring or circle ; and when 
very numerous, they are generally crowded in rows or spirals on the sur- 
face of a more or less enlarged or elongated receptacle. Their number 
gives rise to certain terms, the counterpart of those used for stamens (284), 
which are survivals of the names of orders in the Linnsean artificial system. 
The names were coined by prefixing Greek numerals to ^gynia used for 
gyncBcium, and changed into adjectives in the form of -gynous. That is, a 
flower is 

MonogynotUy when it has a single pistil, whether that be simple or oom> 
pound; 

IHgynous, when it has only two pistils ; Triggnous, when with three ; 
Tetraggnous, with four ; Pentaggnous, with five ; HexaggnouSy with six ; 
and so on to Polgggnous, with many pistils. 

302. The Parts of a Complete Pistil, as already twice explained (16, 
236), are the Ovary, the Style, and the Stigma. The ovary is one es- 
sential part: it contains the rudiments of seeds, called Ovules. The 
stigma at the summit is also essential : it receives the pollen, which fei> 
tilizes the ovules in order that they may become seeds. But the style, 
commonly a tapering or slender column borne on the summit of the ovary, 
and bearing the stigma on its apex or its side, is no more necessary to a 
pistil (han the filament is to the stamen. Accordingly, there is no style in 
many pistils : in these the stigma is sessile^ that is, rests directly on the 
ovary (as \u Fig. 326). The stigma is very various in shape and appear- 
ance, being sometimes a little knob (as in the Cherry, Y\^. 271), sometimes 
a point or small surface of bare tissue (as in Fig. S27-330), and sometimes 
a longitudinal crest or line (as in Fig. 324, 341-343), or it may occupy the 
whole length of the style, as in Fig. 331. 

303. The word Pistil (Latin, Pistillmi) means a pestle. It came into 
use in the first place for such fiowers as those of Crown Imperial, or Lily, 
in which the pistil in the centre was likened to the pestle, and the perianth 
around it to the mortar, of the apothecary. 

304. A pistil is either simple or compound. It is simple when it answers 
to a single fiower-leaf, compound when it answers to two or three, or a 
fuller circle of such leaves conjoined. 



106 SIMPLE PISTU^ [section 10. 

305. Oaipels. It is coavenient to have a name for each flover-le&f of 
the gjnfficium; so it is called a Carpel, in Latiu Carpetlum or Carpidium. 
A simple pistil is a carpel. Each compuuent flower-leaf of a compound 
[Hstil is likewise a carpel. Wlien a flover Las two or uiore pistdla, these 
of course are simple pisLils, that is, separate carpels or pistil-leaves. There 
maj be onlj a. single simple pistil to the flower, as in a Pea or Cherry 
blossom (Fig. 271) ; there maj be two snch, as iu mauj Saiifrages ; or 
man;, as ia the Slrawberr;. More communlj the single pistil in the 
centre of a blossom is a compound one. Then there is seldom much 
difficulty in ascertaiuing the number of carpels or pistil-leaves that com- 

306. The Simple Pistil, viewed morphologically, answers to a leaf- 
blade with margins incurved and united where they meet, so forming a 
closed case or pod (the ovary), and bearing ovules at the suture or jnnction 
of these margins : a tapering upper porliou with margins similarly inrolled, 
(B supposed to form the style ; and these same margins, exposed at the tip 
or for a portion of the length, become the stigma. Compare, under this 

w, the three accompanying %ures. 

. So a simple pbtil should have a one-celled ovary, only one line of 
attachment for the ovules, a single style, 
.^_„^ and a single sligma. Certaon variations 

/^^kP^%. ^^"^ ''''^ nonnal condition which some- 
.^Y^A timea occur do not invalidalc this mor- 
1 phological conception. For instance, the 
'-'■'jj stigma may become two-lobed or two- 
ridged, because it consists of two leaf- 
margins, as Fig. 324 shows; it may 
lome 3-loceIlate bythe turning or grow- 
ing inward of one of the sutures, so aa U> 
divide the cavity, 
SOS. There are two or three terms which primarily relate to the parts 
of a simple pistil or carpel, and are thence carried on to the compound 

Vbntxal Suture, the line which answers to the united margins of the 
carpel-leaf, therefore naturally called a suture or seam, and the ventral 
- or inner one, because in the circle of carpel-leaves it looks inward or to tlie 
centre of the flower. 

BoRSAi. Suture is the line down the back of the carpel, answering tr 

Fio. 323. An inrollfiil small leaf, such as in double-flowered Cheny bloeaomB ii 
often Been to occupy the place nf a pintil. 

Fio. 324. A eimpte piatit (of Isopynim), with ovary cnt acrona ; ttfl inner (ten- 
tra1)fBce tnmed toward the eye; the ovules geem to lie borne on the ventral suture, 
answering to leaf-margins : the stigniit aliove seen rIeo to answer to leaf-margins. 

Fio. 326. Pod or slmplB pistil of Caltha or HarBb-Marigold, which has opened 
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the midrib of the leaf, — not a seam tberefore ; but at maturity many fruits, 
such as pea-pods, open by this dorsal as well as by the ventral line. 

FiiACEiirTA, a name given to the surface, whatever it be, which bears 
the ovules and seeds. The name may be needless when the ovules grow 
directly on the ventral suture, or from its top or bottom ; but when there 
are many ovules there is usually some expansion of an ovule-bearing 
or seed-bearing surface ; as b seen in our Mandrake or Podophyllum, 
Fig. 326. 

309. A Oompound Pistil is a combination of two, three, or a greater 
number of pistil-leaves or carpels in a circle, united into one body, at least 
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by their ovaries. The annexed figures should make it clear. A series 
of Saxifrages might be selected the gynoBcium of which would show every 
gradation between two simple pistils, or separate carpels, and their com- 
plete coalescence into one compound and two-celled ovary. Even when 
the constituent styles and stigmas are completely coalescent into one, the 
nature of the combination is usually revealed by some external lines or 
grooves, or (as in Fig. 328-330) by the internal partitions, or the number 
of the placentae. The simplest case of compound pistil is that 

310. With two or more Cells and Axile PlacentsB, namely, with as 
many cells as there are carpels, that have united to compose the organ. 

Fio. 326. Simple pistil of Podophyllum, cut across, showing ovules borne on 
placenta. 

Fio. 327. Pistil of a Saxifrage, of two simple carpels or pistil-leaves, united at 
the base only, cut across both above and below. 

Fio. 328. Compound 3-carpellary pistil of common St. John's-wort, cut across : 
the three styles separate. 

Fio. 329. The same of shrubby St. John's-wort ; the three styles as well as 
ovaries here united into one. 

Fig. 330. Compound 3-carpellary pistil of Tradescantia or Spiderwort ; the three 
stigmas as well as styles and ovary completely coalescent into one. 
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Such a pistil is just what would be formed if the simple pistils (two, three^ 

or five ill a circle, as the case may be), like those of a PsBony or Stonecrop 

(Fig. 224, 225), pressed together ia the centre of the flower, 

were to cohere by their contiguous parts. In such a case 

the placeutsB are naturally axiley or all brought together in 

the axis or centre ; and the ovary has as many Dissepiments, 

or internal Fariiiions, as there are carpels in its composition. 

For these are the contiguous and coalescent walls or sides of 

the component carpels. When such pistils ripen into pods, 

they often separate along these lines into their elementary 

carpels. 

311. One-celled, with free Central Placenta. The 
commoner case is that of Purslane (Fig. 272) and of the 
Pink and Chickweed families (Fig. 331, 332). This is ex- 
plained by supposing that the partitions (such as those of 
Fig. 329) have early vanished or have been suppressed. In- 
deed, traces of them may often be detected in Pinks. On the other hana, 
it is equally supposable that in the Primula family the free central is de 
rived from parietal placentation by the carpels bearing ovules 
only at base, and forming a consolidated common placenta 
in the axis. Mitella and Dionsea help out this conception. 

312. One-celled, with Parietal Placentae. In this not 
uncommon case it is conceived that the two or three or 
more carpel-leaves of such a compound pistil coalesce by 
their adjacent edges, just as sepal-leaves do to form a gamo- 

sepalous calyx, 
or petals to form 
a gamopetalous 
corolla, and as 
is shown in the 
diagram, Fig. 
333, and in an 
actual cross-sec- 
tion, Fig. 334. Here each carpel is an open leaf, or with some introflexion, 
bearing ovules along its margins ; and each placenta consists of the con 
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Pio. 331, 332. Pistil of a Sandwort, with vertical and transverse section of the 
ovary : free central placenta. 

Pio. 333. Plan of a one-celled ovary of three carpel-leaves, with parietal pla- 
centee, cut across below, where it is complete ; the upper part showing the top of 
the three leaves it is composed of, approaching, but not united. 

Fig. 334. Cross section of the ovary of Frost- weed (Helianthemum), with three 
parietal placenta, bearing ovules. 

Fio. 836. CroRs section of an ovary of Hypericnm graveolens, the three lai^ pla- 
centae meeting in the centre, so as to form a three-celled ovary. 336. Same in fruit, 
the placenta now separate and roimdedr 
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tiguoua mai^ins of two pUtil-leaves gravn together. There is every grada- 
tion between ttiis and the three-celled ovar; with the placenUe in the axis, 
evea iu the aame genus, sometimea even in different stagea in the same 
pi3ta (Fig. 335, 336). 

{ 2. QYMNOSPEBMOUa GYNCECIUM. 

313. The ordinar; pistil haa a closed ovatj, and accordingly the polleii 
can act upon tlie cautained ovules onlj indirectly, through tbe stigma. 
This is expressed in a term of Greek deriifatiou, viz. ; — 

Angioipermomt, meaning that the aeeda are borne in a sac or dosed 
vessel The counterpart term is 

OymHotpermoiu, meaning naked-seeded. This kind of pbtil, or gynce- 
oium, the simplest of all, yet the most peculiar, characterizes the Fiue 
bmily and iis relatives. 

SU. While the ordinary simple pistil is conceived by the botanist to 

#be a leaf rolled together into a closed pod (306), tlioae of the 
Kne. Lacch (Fig. 337), Cedar, and Arbor-ViKe (Fig- 338, 
339) are open leaves, iu the form of scales, each bearing two 
or more ovoles on the inner face, next the base. At the time 
83^ of blosBoniing, these pistil-leaves of the young cone diverge, 

and the pollen, ao abundantly abed from the stam- 
inate blossoma, falls directly upon the eipoaedA,. '■.> 
ovules. Afterward the scales close over each V '. f 
Other until the seeds are ripe. Tben ihejaepa- 4 / 
rate that the aecds may be shed. As the pollen y * . 
acta directly ou the ovules, such pistil (or organ V,^, ^ 
acting us pistil) lias no stigma. 

316. In the Yew, aud in Torreya and Gingko, 
the gyncecium b reduced to exLremeat simplicity, ' 
that is, to a naked ovule, without any visible 

316. In Cycaa the lai^ naked ovules are borne 
on the mai^ua or lobes of an obvious open leaf. All Otuhospxbiiods 
plants have other peculiaritjes, also distinguishing them, as a class, from 

Ahqiospekuous plants. 




Fio. 337. Aptatil, t)iatis,ascaleof thecODe,orBLarch, attheUmeofflower- 
li^t inside view, showing its pair of naked ovules. 

FiQ. 338. Branchlst of ths American Arbor- Vita^ conaiderablf lai^er tiian h) 
nature, terminated by ite pistitlate flowen, each canBlstlng of a single Bcala (aa 
open pistil), together furming a small cone. 

Fia. S39. One of the scales or carpels of the lost, removed and more enlaiged. 
Ibe iuaida eipoted to view, abowing a pair of ovules on its base. 
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317. Ovule (from the Latin, meaning a little egg) is the technical name 
')f that which in the flower answers to and becomes the seed. 

318. Ovules are naked in gymnospermous plants (as just described) ; in 
all others they are enclosed in the ovary. They may be produced along the 

whole length of the cell or cells of the ovary, and then they are 
apt to be numerous ; or only from some part of it, generally 
the top or the bottom. In this case they are usually few or 
single (solitary^ as in Fig. 341-343). They may be sessile, 
i. e. without stalk, or they may be attached by a distinct stalk, 
the FuNiCLE or Funiculus (Fig. 340). 

319. Considered as to their position and direction in the ovary, they are 
Horizontal, when they are neither turned upward nor downward, as in 

Podophyllum (Fig. 326) ; 

Ascending^ when rising obliquely upwards, usually from the side of the 
cell, not from its very base, as in the But* _ _ ^ 

tercup (Fig. 341), and the Purslane (Fig. 

272); 

Erect, when rising upright from the 
very base of the cell, as in the Buck- 
wheat (Fig. 342) ; 

Pendulous, when hanging from the 841 842 

side or from near the top, as in the Flax (Fig. 270) ; and 

Suspended, when hanging perpendicularly from the very summit of the 
cell, as in the Anemone (Fig. 343). All these terms equally apply to 
seeds. 

320. In structure an ovule is a pulpy mass of tissue, usually with one 
or two coats or coverings. The following parts are to be noted ; viz : — 

Kebnel or Nucleus, the body of the ovule. In the Mistletoe and some 
related plants, there is only this nucleus, the coats being wanting. 
^ Teguments, or coats, sometimes only one, more commonly two. When 
two, one has been called Primine, the other Secundine. It will serve all 
purposes to call them simply outer and inner ovule-coats. 

Oaifice, or Foramen, an opening through the coats at the organic apex 
of the ovule. In the seed it is Micropyle, 

Chalaza, the place where the coats and the kernel of the ovule blend. 

HiLUM, the place of junction of the funiculus with the body of the ovule. 






Fia 340. A cluster of ovules, pendulous on their fnnicles. 
Fio. 841. Section of the ovary of a Buttercup, lengthwise, showing its ascending 
jvule. 
Fig. 342. Section of the ovary of Buckwheat, showing the erect ovule. 
FiQ 343. Section of the ovary of Anemone, showing its suspended ovoIa. 
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321. The Kinds of Ovulea The ovules iu their growth develop in 
three or four different ways, and thereby are distinguished into 
Orfkoiropous or Straight, those which develop without carving or tnni' 






ing, as in Fig. 344. The chalaza is at the insertion or base ; the foramen 
or orifice is at the apex. This is the simplest, but the least common kind of 
ovule. 
Campylotropous or Incurved, in which, by the greater growth of one side. 
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the ovule curves into a kidney-shaped outline, so bringing the orifice down 
close to the base or chalaza; as in Fig. 345. 

Amphitropous or Half-lnoerted, Fig. 346. Here 
the forming ovule, instead of curving perceptibly, 
keeps its axis nearly straight, and, as it grows, turns 
round upon its base so far as to become transverse to 
its funiculus, and adnate to its upper part for some 
distance. Therefore in this case the attachment of 
the funiculus or stalk is about the middle, the chal- 
aza is at one end, the orifice at the other. 

Anatropous or Inverted, as in Fig, 347, the com- 
monest kind, so called because in its growth it has 
as it were turned over upon its stalk, to which it has coutinued adnate. 
The organic base, or chalaza, thus becomes the apparent summit, and the 




Fio. 344. Orthotropous ovule of Buckwheat : c, hilum and chalaza; /, orifice. 

Fig. 345. Campylotropous ovule of a Chick weed: c, hilum and chalaza; /, orifice. 

Fm. 346. Amphitropous ovule of Mallow:/, orifice; h, hiliun; r, rhaphe; c, 
chalaza. 

Fig. 347. Anatropous ovule of a Violet; the parts lettered as in the last. 

Pig. 348-350. Three early stages in the growth of ovule of a Magnolia, showing 
the forming outer and inner coats, which, even in the later figure have not yet 
completely enclosed the nucleus ; 351, further advanced, and 352, completely ana- 
tropous ovule. 

Fig. 353. Longitudinal section, and 354, transverse section of 352. 

Fig. 355. Same as 353, enlarged, showing the parts in section : a, outer coat ; 
b» inner coat; e, nucleus; d, rhaphe. 
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orifice is at the base, by the side of the hilum or place of attaclinieiit. The 
aduAte portion of the fuuiculus, which appears aa a ridge or cord extending 
from the hilum to the chalaza, and which distinguiaLes this kind of ovale, 
is called the Rhafhb. The amphitropous ovule (Fig. 346) has a short or 
incomplete rhaphe. 

332, Fig. 343-353 sbow the stages thtoogb which an ovule becomes 
anatropous in the course of its growth. The annexed two figures are sec- 
tions of such an ovule at maturity j and Fig. 355 is Fig. 353 enlaiged, 
with the parts lettered. 



Section XII. MODIFICATIONS OF THE HECEPTACLB. 



333. The Torus or Receptacle of the flower {237, Fig. 223) is the por- 
tion whicli belongs to the stem or wtia. In all preceding illustrations it is 
small and short. But it soiDctimes lengthens, sometimes thickens or vari- 
ouslj enlarges, and takes on various forms. Some of these have receivea 
special names, very few of wbieh are in common use. A lengthened por- 
tion ot the receptacle is called 

A Stife. This name, which means simply a trunk or stalk, is nsed in 




botany for various stalks, even for the leat-slalk in Ferns. It is also applied 
to the stalk or petiole of a carpel, in the rare cases when there is any, as in 

Via. 356, Longitudinal section of flower at Sileue FeuDaylranies, ehowiug stipe 
batween calyx and irorolU. 

Fib. 357. Slower ol a Cleome of the section QynandropEia, showing broadeiwd 
receptacle to bear petals, lengthened stipe below the stamena, and another between 
these anr! pistil. 

Flo. 358. Fistil of Geraninm or Cranesbill. 

Fin. 359. The same, ripe, 'vith the five carpels splitting away from the long 
l>ealt (carpophore), and hanpng from its lop by their recurving styles. 
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Goldtluead. Tien It a leclmicallj dbtingaished as a Thkcaphobe. Wlien 
there is a stalk, or lengthened intemode of receptacle, directl; under ■ 
eompoand pistil, as in Stanleja and some other Cruciferte, it is called a 
Gthophokb. Whea the stalk is developed below the stamens, as in most' 
species of Silene (Fig. 356), it has beeu called au Antbofhobb or Goho- 
PHOBE. In Fig. 357 the torus is dilated above the calyx where it bears 
the peUls, then there is a long intemode (gonophore) betweeo it and the 
stameca; then a shorter one (gjiophore) between these and the pistil. 

324. A Carpophore is a prolongation of receptacle or axis between tbe 
carpels and beariug Uiem. Umbelliferons plants and Geranium (Fig. S5S, 
'659) afford characteristic euraples. 

325. Flowers with ver; numerous simple pistils generally have the re- 
ceptacle enlarged so as to give them room ; sometimes becoming broad and 
tat, as in the Flowering Baspberry, sometimes elonpted, as in the Black- 




berry, the M.<i^olia, etc. It is the receptacle in the Strawberry {Fig. 3 
much enlarged and pulpy when ripe, which forms the eatable part of the 
fruit, and bears the small seed-Uke pistils on its surface. In the Rose 
(Fig. 361), instead of being convex or conical, the receptacle is deeply 
concave, or urn-shaped. Indeed, a Rose-hip may be likened to a straw- 
berry turned inside out, like the (inger of a glove reversed, 
»nd the whole covered by the adherent tube of the caljx. 
The oalyx remains beneath in the strawberry. 

326. In Nelumbium, of the Wat-er-Lilj family, the singu- 
lar and greatly enlarged receptacle is shaped like a top, and 
bears the small pistils immersed in separate cavitie.' of its flat 
upper surface (Fig. 362). 

387- A Dlsb: is an eulai^d low receptacle or an out- 
growth from it, iypo^/toni when underneath llie pislil, a 
Rue and the Orange (Fig. 363), and perigi/nom when aduate 
to calyx-tube (as in Bucklliorn, Fig. 364, 365), and Cherry (Fig. 271), c 

Fio. 360. Longiturlinal eection of a young atrawtierry, enlarged. 

Fio, 361. Similar section or a young Rose-hip. 

Fio, 362. Enlarged and top-etaaped rei^pUcle o( Nelumbium, at matnrit;. 

Ho. 863. HypogTiioiu disk in Orange. 
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to both calyx-tabe and otbtj, as in Hawthorn (Fig, 273). A flattened 

hypogyuous disk, underlying the ovaiy 
or ovaries, and from which they fsJl 
away at matuiity, is sometimes called 
a Gtnobase, as in the Rue family. 
In some Borragineous flowers, such as 
Houndstongue, the gynobase runs up 
ill the centre between the carpels into 

a carpophore. The so-called epigynow disk (or Sttlofodium) crowning 

the summit of the ovary in flowers of UmbellifenB, etc., cannot be said to 

belong to the leoeptade. 




SBcnoN XIIL FERTILIZATION. 

328. The end of the flower is attained when the ovules become seeds. 
A flower remains for a certain time (longer or shorter according to the 
species) in anthem^ that is, in the proper state for the fulfilment of this 
end. During anthesis, the ovules have to be fertilized by the pollen ; or at 
loast some pollen has to reach the stigma, or in gymnospermy the ovule 
itself, and to set up the peculiar growth upon its moist and permeable tis- 
sue, which has for result the production of an embryo in the ovules. By 
this the ovules are said to be fertilized. The first step is poUinatum, or, 
so to say, the sowing of the proper pollen upon the stigma, where it is to 
germinate. 

§ 1. ADAPTATIONS FOB POLLINATION OP THE STIGMA 

329. These various and ever-interesting adaptations and processes are 
illustrated in the "Botanical Text Book, Structural Botany," chap. VI. 
sect, iv., also in a brief and simple way in " Botany for Young People, How 
Plants Behave." So mere outlines only are given here. 

330. Sometimes the application of pollen to the stigma is left to chance, 
as in dioecious wind-fertilized flowers ; sometimes it is rendered very sure, 
as in flowers that are fertilized in the bud ; sometimes the pollen is prevented 
from reaching the stigma of the same fiower, although placed very near to 
it, but then there are always arrangements for its transference to the stagma 
of some other blossom of the kind. It is among these last that the most 
exquisite adaptations are met with. 

331. Accordingly, some flowers are particularly adapted to close or self- 
fertilization ; others to cross fertilization ; some for either, according to 
circumstances. 



Fig. 864. Flower of a Buckthorn showing a conspicnout perigynous disk. 
Fig. 365. Vertical section of same flower. 
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Clo9e Fertilization occurs when the pollen reaches and acts npon a siagma 
of the very same flower (this is also called self-fertilization), or, less closely, 
upon other blossoms of the same cluster or the same individual plant. 

Cross Fertilization occurs when ovules are fertilized by pollen of other 
individuals of the same species. 

Hybridization occurs when ovules are fertilized by pollen of some other 
(necessarily some nearly related) species. 

332. Close Fertilization would seem to be the natural result in ordi- 
nary hermaphrodite flowers; but it is by no means so in all of them. More 
commonly the arrangements are such that it takes place only after some 
opportunity for cross fertilization has been afforded. But close fertiliza- 
tion is inevitable in what are called 

Cleistogamous Flowers, that is, iu those which are fertilized in the flower- 
bud, wliile still unopened. Most flowers of this kind, indeed, never open 
at all ; but the closed floral coveriugs are forced off by the growth of the 
precociously fertilized pistil. Common examples of this are found in the 
earlier blossoms of Specularia perfuliata, in the later ones of most Violets, es- 
pecially the stemless species, iu our wild Jewel weeds or Impatieus, in the 
subterranean shoots of Amphicarpsea. Every plant which produces these 
cleistogamous or bud-fertilized flowei*s bears also more conspicuous and 
open flowers, usually of bright colors. The latter very commonly fail to 
set seed, but the former are prolific. 

333. Cross Fertilization is naturally provided for in dicBcious plants 
(249), is much favored in moncBcious plauts (249), and hardly less so in 
dichogamous and in heterogenous flowers (338). Cross fertilization depends 
upon the transportation of pollen ; and the two principal agents of convey- 
ance are winds and insects. Most flowers are in their whole structure 
adapted either to the one or to the other. 

334. Wind-fertilizable or Anemophilons flowers are more commonly 
dioecious or moucecious, as in Pines and all coniferous trees. Oaks, and 
Birches, and Sedges ; yet sometimes hermaphrodite, as in Plantains and 
most Grasses ; they produce a superabundance of very light pollen, adapted 
to be wind-borne; and they offer neither nectar to feed winged insects, 
nor fragrance nor bright colors to attract them. 

335. Insect-fertilizable or Entomophilous flowers are those which 
are sought by insects, for pollen or for nectar, or for both. Through their 
visits pollen is conveyed from one flower and from one plant to another. 
Insects are attracted to such blossoms by their bright colors, or their fra- 
grance, or by the nectar (the material of honey) there provided for them. 
While supplying their own needs, they carry pollen from anthers to stigmas 
and from plant to plant, thus bringing about a certain amount of cross fer- 
tilization. Willows and some other dicBcious flowers are so fertilized, 
chiefly by bees. But most insect-visited flowers have the stamens and pis- 
tils associated either in the same or in contiguous blossoms. Even when 
in the same blossom, anthers and stigmas are very commonly so situated 
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tbat imder insect-visitation, some pollen is more likely to be deposited upoii 
other than upon own stigmas, so giving a chauce for cross as well as for 
close fertilization. On the other hand, numerous flowers, of very various 
kinds, have their parts so arranged that they must almost necessarily be cross- 
fertilized or be barren, and are therefore dependent upon the aid of insects. 
This aid is secured by diflferent exquisite adaptations and contrivances, 
which would need a volume for full illustration. Indeed, there is a good 
number of volumes devoted to this subject.* 

336. Some of the adaptations which favor or ensure cross fertilization 
are peculiar to the particular kind of blossom. Orchids, Milkweeds, Kal- 
mia. Iris, and papilionaceous flowers each have their own special contriv- 
ances, quite different for each. 

337. Irregular flowers (253) and especially irregular corollas are usu 
ally adaptations to insect-visitation. So are all Nectaries, whether hollow 
spurs, sacs, or other concavities in which nectar is secreted, and all nectar- 
iferous glands. 

338. Moreover, there are two arrangements for cross fertilization com- 
mon to hermaphrodite flowers in various different families of plants, which 
have received special names. Dichogamy and Beterogony, 

339. Dichogamy is the commoner case. Flowers are dichogamous when 
the anthers discharge their pollen either before or after the stigmas of that 
flower are in a condition to receive it. Such flowers are 

FroterandrouSy when the anthers are earlier than the stigmas, as in Gen- 
tians, Campanula, Epilobium, etc. 

Proterogynous, when the stigmas are mature and moistened for the re- 
ception of pollen, before the anthers of that blossom are ready to supply 
it, and are withered before that pollen can be supplied. Plantains or 
Ribworts (mostly wind-fertilized) are strikingly proterogynous : so is Amor- 
pha, our Papaws, Scrophularia, and in a less degree the blossom of Pears, 
Hawthorns, and Horse-chestnut. 

340. In Sabbatia, the large-flowered species of Epilobium, and strikingly 
in Clerodendron, the dichogamy is supplemented and perfected by move- 
ments of the stamens and style, one or both, adjusted to make sure of 
cross fertilization. 

341. Heterogony. This is the case in which hermaphrodite and fer- 
tile flowers of two sorts are produced on different individuals of the same 
species ; one sort having higher anthers and lower stigmas, the other hav- 
ing higher stigmas and lower anthers. Thus reciprocally disposed, a visit- 
ing insect carries pollen from the high anthers of the one to the high stigma 
of the other, and from the low anthers of the one to the low stigma of the 
other. These plants are practically as if dioecious, with the advantage that 

1 Beginning with one by C. C. Sprengel in 1793, and again in our day with 
Dnrwin, " On the Various Contrivances by which Orchids are fertilized by Insects/ 
and in succeeding works. 
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both kinds are fruitful. Houstonia and Mitchella, or Partridge-berry, are 
excellent and familiar examples. These are cases of 

Heterogone Dimorpkism, the relative lengths being only short and long 
reciprocally. 

Heterogone Trimorphism, in which there is a mid-length as well as a long 
and a short set of stamens and style; occurs in Ly thrum Salicaria and some 
species of Oxalis. 

342. There must be some essential advantage in cross fertilization or 
cross breeding. Otherwise all these various, elaborate, and exquisitely 
adjusted adaptations would be aimless. Doubtless the advantage is the 
same as that which b realized in all the higher animals by the distinction 
of sexes. 

§ 2. ACTION OF POLLEN, AND FORMATION OF THE EMBRYO. 

343. Pollen-growth. A grain of pollen may be justly Hkened to one 
of the simple bodies (spores) which answer for seeds in Cryptogamous plants. 
Like one of these, it is capable of germination. When deposited upon the 
moist surface of the stigma (or in some cases even when at a certain dis- 
tance) it grows from some point, its living inner coat breaking through the 
inert outer coat, and protruding in the form of a delicate tube. This as it 
lengthens penetrates the loose tissue of the stigma and of a loose conduct- 
ing tissue in the style, feeds upon the nourishing liquid matter there pro- 
vided, reaches the cavity of the ovary, enters the orifice of an ovule, and 
attaches its extremity to a sac, or the Uning of a definite cavity, in the 
ovule, called the Embryo-Sac. 

344. Origination of the Embryo. A globule of living matter in the 
embryo-sac is formed, and is in some way placed in close proximity to the 
apex of the pollen tube ; it probably absorbs the contents of the latter ; it 
then sets up a special growth, and the Embryo (8-10) or rudimentary 
plantlet in the seed is the result. 



Section XIV. THE FRUIT. 

845. Its Nature. The ovary matures into the Fruit. In the strictest 
sense the fruit is the seed-vessel, technically named the Pericarp. But 
practically it may include other parts organically connectpd with the peri- 
carp. Especially the calyx, or a part of it, is often incorporated with the 
ovary, so as to be undistinguishably a portion of the pericarp, and it even 
forms along with the receptacle the whole bulk of such edible fruits as 
apples and pears. The receptacle is an obvious part in blackberries, and 
is the whole edible portion in the strawberry. 

346. Also a cluster of distinct carpels may, in ripening, be consolidated 
or compacted, so as practically to be taken for one fruit. Such are raspber- 
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ries, blackbetries, tlie Magnolia fruit, etc. UoreoTer, the ripened product 
of mtm; flowers may be compacted or grown together so sa to form a single 
compound fniit 

347. Its binds have tlierefore to be distinguished . Also various names 
of commou use in descripUve botanj have to be mentioned and defined. 

348. In respect to composition, accordlnglj, fruits maj be classified 
into 

SuipU, those which result from the ripening of a sii^le pistil, and con- 
sist onl; of the matured ovarj, either by itself, as in a cherry, or witb 
oaljx-lube completely incorporated with it^ as in a gooseberry or cranberry. 
Aggr^ate, when a cluster of carpels of the same fiower are crowded into 
a mass ; as in raspberries and blactberries. 
Aeeemorg or Aitthocarpoia, wli^a the surroundings or supports of tlie 
pistil make up a i-art of the mass ; as does 
the loose calyx chaugcd into a fleshy and 
berrj-like envelope of our Wintergreen 
(Gaultlieria, Fig. 366, 367) and Buf^- 
berry, which are otherwise simple fruits, 
tn an aggregate fruit such as the straw- 
88a RS7 berry tlie great mass is receptacle (Fig 

360 36B) aud in the blackberry (Fig 369) the juicy receptacle forms the 
central part of the savory mass 

Multiple or Collective when formed from sereral flowers consohdated 
^ into one mass, of Which the common 
receptacle or axis of inflorescence, 
^ the floral euvelopes and even the 
bracts etc make a part A mnl 
berry (Tig 408 which superficially 
mnch resembles a 
blackberry) is of this 
multiple sort A pine 
apple IS another ex 

349 In toapect to 

texture or consist- 

fniit* may be 





distinguished into three kinds, 
Fl«tiy Fruilt, those which 



or less soft and juicy throughout ; 



FlO. 368. Section of a p«rt of « strawteny. Compare with Fig. 360. 

Tta, 369. SimiUr BecUon of part of & blackberry. 370. One of its oimponeDt 
rimple fmltB (drupe) in section, shontinf; the pulp, stone, aod contained send, air* 
enlarged. Compare vith Fig. 376. 
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Stone FhtUt, or Dmpaeeotit, the oater part Seibj like ft ben;, the iimeJ 
hard or atoaj, like a nut ; and 

Dry FntUt, those which have no flesh or pulp. 

350. In reference to the way of disseminating the coi<taiiied teed, fruits 
■le said to be 

IndekiteaU when the; do not open at maturitj. Fleahj traits and stone 
fniitB are of course indehiscent. The seed becomea free only through 
decay or by being fed apou by animals. Those vhicli escape digestion are 
^ua disseminated by the latter. Of dry fraits many are indehiscent; and 
tiiese are variously anaoged to be transported by animals. Some burst 
irr^olarly; many are 

DeUteeitt, that is, they spht open regularly along certun lines, and 
discharge the seeds. A dehiscent fruit almost always contains many or 
several seeds, or at least more than one seed. 




361. The principal kinds oF Fruit which have received substantjve names 
and are of common use in descriptive botany aie the following. Of fleshy 
fruits the leading kind is 

3GS. Tha Berry, such as the gooseoerry and currant, the blueberry 
and cranberry (Fig. 371). the tomato, and the grape. Here the whole 
flesh is soft throughout. The orange is a berry with a leathery rind. 

363. The Pepo, or Goufd-frnit, is a hard-rinded berry, belonging to 
the Gourd family, such as the pumpkin, squash, cucumber, and melon, 
?ig.378,373. 

3S1. The Pome is a name applied to the apple, pear (Fig. 374), and 
quince t fleshy Fruits, like a berry, but the principal Ihickness is calyx, only 

Via. S71. LeaT; ihoot and berrj' (cut serosa) of the larger Cruiben?, VacciniiuB 
nuerooupDn. 
Flo. 872. Pepe utOonnl, in section. 373. One carpel of ume Id diagram. 
fto. SJi. Longttndinal and tranaverae aectioiia of a pear (pome). 
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the papei7 podt arranged like a star in the core reaU; belonpng to the 
carpels. The fruit of the Hawthorn is a drupaoeoos pome, someUung be- 
tveeo pome and drupe. 

355. Of fraits which are extenisll; flesh; and intemall; hard the lead- 
ing kind ia 
3S6 The Dnqte, or S/oneJhiit of wbich the chenj, plum, and peach 
(Fig 375) are familiar examples. In this the 
outer part of the thickness of the pericarp be- 
comes fleahj or softens like a berrj, while the 
] inner hardens hke a nut. From the wa; in which 
,' the pistil IS constructed, it is evident that the 
flcshj part here answers to the lower, and the 
stone to the upper face of tbe component leaf. 
The layers or concentric portions of a drupe, or 
of an; pericarp which is thus separable, are named, 
""" when thus distinguisliable into three portions, — 

^iearp, tbe external layer, often the mere skin of the fruit, 
Mnocarp, the middle layer, which is commonly the fleshy part, and 
Exdocarp, the innermost layer, the stoue. But more commonly only two 
portions of a drupe are distinguished, and are named, the outer one 

Sarcocarp or Ereearp, for the flesh, the first name referring to the fleshy 
character, tlie second to its being an external layer; and. 
Putamen or Endocarp, tie Stone, within. 

357. The typical or true drupe Is of a single carpel. But, not to multiply 
technical names, this name is extended to all such fruits when 
fleshy without and stouy within, although of compound pistil, 
— even to those having several or separable stones, such as the 
fruit of Holly. These stones in such drupes, or drupaceous < 
fruits, are called Fyrena, or Nuculei, or simply KuUeU of 
the dmpe. 

358. Of Dry fruits, there is a greater diversitj of kinds bav- 
ing disiinct names. Tlie indeliis- 
cent sorts are commonly one- 

359. Tho Abene or Aohe- 
nlnm is a small, dry and iudehis- 
cent one-seeded fruit, often so 
seed-like in appearance that it is *™ STT 878 
popularly taken for a naked seed. The fruit of the Butter cup or Crowfoot 
is a good example, Fig. 376, 377- Its nature, as a ripened pistil (Id this 

Pla, 375. LongltudiUBl nectioa ofs ppach, shoiring flesh, stone, bdiI seed. 

Flo. S76. Akeae of a Bnttercop. S77. The same, divided lengthwise, to show 
tbe contained seed. 

Fla. 37S. Akene of Virgln's-bower, retaining the feathered style, which aids In 
dissemluatiOD. 




SECTION 11.] FBUIT. 121 

case a simple carpel), is apparent by its bearing the remains of a atyle or 
stigma, 01 a scar from nhich this lias fallen. It may retaao tlie atyle and 
use it in various ways for dissetnioation (Fig. 378). 

360. The fmit of Composite (though not of a single carpel) is also an 
akene. In this case the pericarp is invested 
by an adherent calyx-tube; the limb of winch, 
when it has any, is caUed the Papfds This 1) 
name was first given to the dotvn like that of i4 
the Thistle, but is applied to all forms under ^ 
vbich the limb of the catjs of the "compound 
flower" appears. In Lettuce, Bandeliati (Fig 
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384), and the like, the achenium as it matures tapeis upwards into a sleudci 
be^, like a stalk to the pappus. 
361. A Cremooarp (Fig. 385), a uame given to the fmit of Umbelli 
fene, consists as it were of a pair of akenes united com- 
pletely in the blossom, bat splitting apart when ripe |t 
into the two closed carpels. Each of these ia a Men- 
carp or Bemiearp, names seldom used. 

363. A Utricle is the same as an akene, but with 
a thin and bladdery loose pericarp; like that of the 
Goosefoot or Pigweed (Fig, 386). When ripe it may 
burst open irregularly to dischat^ the seed ; or it may 
open by a circular line all round, the upper part fall- 
ing off like a lid; as in the Amaranth (Fig. 387). 

363. A Caryopais, or Grain, is like an akene with 

the seed adhering to the thin pericarp throughout, so 
that fruit and seed are incorporated into one body; aa in wheat, Indian 
com, and other kinds of grain. 
364. A Nut is a dry and indehiscent fmit, commonly one-celled and one. 



Fio. 379. Akene of Mayweed (110 pappus). 380. Tliat of Succory (ita pappua a 
shallow cup). 381. Or Sunflower (pappus of two deciduous scales). 382. Of 
8neciewe«d (Heleoiuni), with ita pappus of live scnles. 383. Of Sow-Thistle, with 
its pappua or de1icat« downy halra. 334. Of the DandeliOD, ita psppua raised on 

Fio. 38S. Fruit (cremocarp) of Osmorrliiza; the two akene-liks ripe carpels sep. 
■rating at matnrit; from a slender aiis or carpophorsc. 
Fio. 886, Utricle of the common Pigweed (Chenopodinm album). 
Fio. 887. Utricle (pyiia) of Amaranth, opening all ronnd (circnmsciaaile). 
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teeded, with & hard, ornstaceons, or bonj wall, such as the cocoannt, hazel- 

nut, chestnut, and the acorn (Fig. 37, 38S.) Here the 
inrolucre, in tbe form of a cap at the base, is called the 
CuFULG. In tbe Chestnut the eupole foima the bur; in 
the Hazei, a IcafV husk. 

3G5. A Samara, or Key-frnlt, is either a nut or an 
akene, or any otiier iudehiscent tuit, furnished with a wing, 
like that of Ash (Fig. 389), and Elm (Fig. 390). The 
Maple-fruit is a pair of keys (Fig. 391). 

366. Dehiscent Fruits, or Pods, an of two elasses, Tii., 
those of B simple pistil or carpel, and those of a compound 
pisdl. Two oommon sorts of the first are named as follows : — 

367- The Follicle is a fruit of a simple carpel, which dehisces down one 
ude only, i. e. bj the inner or ventral suture. Thi 
frails of Marsh Marigold (Fig. 39S), Fttonj, Larkspur 
and Milkweed are of tliis kind. 

368. The Legnine or true Pod, such as the peapod L 
(Fig. 393), and the fruit of the Leguminoas or Pulse m 
&milj geoemllj, is one which opens along the dorsal as 
welt as the ventral suture. Tlie two pi 





into which it splits are called Valteb. A IiOkbht is a legume wMoh Is 
constricted between tlie seeds, and at length breaks up crosswise into dis- 
tinct joints, as in Fig. 394. 

369. The pods or debiscent fruits belonging to a compound ovary have 
several techmosl names ; but they al! may be regarded as kinds of 

370. The Capsule, tlie drj and dehiscent fruit of any compound pistil. 
The capsule may dischaige its seeds through chinks or pores, as in the 

Fio. 388. Nut (aoom) of the Oak, with Fls cap or capiUe. 

Fia. 3SB. Samara or k«y of the Wbita Ash, winged st end. 3B0. Ssman « 
the AmerlcBn Elm, ninged sll roUDd. 

Fia. 391. Pair of BflUiBraB or Sugar Maple. 

Fla. 392. Follicle of Marsh Marigold (Caltha paloitrii). 

Flo. 393. Legume of a Sweet Pea, opened. 

Fio. 394. Lomeut or jointed legume of > Tick-Trefoil (Desmadiam). 
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Poppy, or barat irr^olarl; in aotne part, as in Lobelia and llie Snapdragon ; 
but commonlj it splito open (or \a deMseenf) lengthwise into regular pieoes, 
called Valve& 

371. Regular Dekueeneg in a capsule takes place in two wajs, wLich are 
best illustrated in pods of two or three cells. It is eitber 

Loeulieidal, or, splitting directlj iuto tbe toeuli or oelb, that is, down 
the back (or the dorsal autura) of each cell or carpel, i 
Iris (Fig. 395) ; or 

Septifidal, that is, splitting through the pariitious or te 
as in St. JoliaVwort (Fig. 396), Rhododendrou, 
etc. This divides tiie capsule iuto its coiiipo- 
nejit carpels, which then open bj their veutral 
suture. 

37S. In loculicidal dehiscence the vulves nal. 
urall; beat the partitions on their middle ; id 
the septicidul, half the thickness of a partitiou 
is borne on the maigin of each valye. See the 
annexed diagrams. A. Tariation of either mode 
occurs wlieu ike valves break away from the 
jiartitioos, these remaining attached in the axis of 
the fruit. This is cal'ed Sep/i/ragat dehiscence. 
One form is seen io the Morning-Glory (Fig. 
400). 

373. The capwles of Rue, f 
cidal and septicidal, and so spUt 
iuto half-carpel lary Talreaot 

374. The Sillque (Fig. 401) is 
the techuical name of tbe peculiai 
pod of the Mustard family ; 
is two-celled by a false partitiou 
strelcbed across between two pa- 
rietal placeatee. It generally opens 
by two valves from below up- 
ward, aud the placenta with the 
partition are left behind when the 
valves fall off. 

37B. ASilloIeorPonoliiaonly 
a short and broad silique, like that 
of the Shepherd's Purse, Fig. 403, 




s others, a 



I boll] locuL 



which » I / \ 




Fra. 395. Capsule of Iris, with loculicidal dehiscence; below, cut across. 
Fra. 396. Pod of a Marsh St. John's-wort, with septicidal dehiscence. 
Fio. 397, 39S. Di^^ma or tbe two modes. 

Flo. 3B0. Diagram of septifragal dehieceace of the locnlicldsl type- 400. Same 
of the aepticidal oi marginiddid type. 
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6. The ^rxls is a pod which opens b; b circalar horizontal line, the 
r pail forming a lid, aa in Purslane (Fig. 404), tlie Plantain, Hen- 
bane, etc. In these tbe dehiscence extends all ronnd, or is cir- 
evmscisaile. So it does in Amaranth (Fig. 387), forming a one- 
seeded utricular pysis. In Jeffersouia, tlie line does not separate 
quite round, but leaves a portion for a liinge to ^hc lid. 
377. Of Multiple or Collective Pruits, which are properlj 
masses of fruits aggregated 
into one bod; (as is seen iD 
the Mulberrj {Fig. 408), Pine- 
apple, etc.), there are two kinds 
with special names and of pe- 
culiar structure. 
378. The Syoonlom or Flg- 
*03 402 VA firnlt (Pig, 405. 4fl6) is a fleshy 

summit of stem, hollowed out, and lined within bj a multitude ol 
flowers, the whole becoming pulp;, and in the common fig, luscious. 






379. The Strobile or Cone (Fig. 411), is the peculiai 
of Pines, Cypresses, and the like ; hence named Comfera, vi 



inltiple froH 



FlQ, 401. Silique of s. Calamine or Spring Cress. 

FiQ. 402, Silicle of Shepherd's Piirae. 403. Same, with one valve removed. 

FlO. 404, PjJiis of Purslane, the liil iJetncbing. 

FlO, 405. A llg-fniit when ynnng. 406. Same ia section. 407. Magnified po^ 
tion, a slice, showing dome of the flower?. 

Fia. 408. A miil1ien7. 409. One of the grains younger, enlarged ; seen to U 
a pistillate flower with catyx becoming flesh;. 410. Same, with fleshy calyi cot 
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plants. As alread; shown (313), these c 

tbe form of flat scales, i 



e open putiU, most); in 

regularlj overljlng each 
other, and pressed together in a spike or head. 
Each scale bears one or two naked seeds on its 
inner face. When ripe and dry, tlie scales turn 
back or diverge, and in the Pine the seed peels 
off and falls, geuerallj carrying with it a wing, a 
part of the Lning of the scale, 
which Meditates the disper- 
sion of the seeds by the wind 
(Fig 412, il3). In Arbor- 
\ itie the scales of the small 
cone are few and not very 
nnlike the leaves. In Cy- 
press they are very thick at 
the top and narrow at the 
base, so as to make a peculiar sort of closed cone In Juniper and Red 
Cedar, tbe few scales of the very small cone become fleshy, and ripen into 
a Emit which closely resembles a berry. 





Section XV. THE SEED. 

3S0. Seeds are the final product of the flower, to which all its parts and 
offices are subservient. Like the ovule from which it originates, a seed 
consists of coats and kernel. 

381. The Seed-ooats are commonly two (330), the outer and tliR inner. 
Fig. 41i sliows the two, ia a seed cnt through leugtbwise. . -- ^>., 
The outer coat is often hard or crustaceous, whence it is 'ff^^^y 
called tbe Testa, or shell of the seed ; the iiiner is almost al- ''tt w?il\} 
ways thin and delicate. nSj J JJ 

382. The shape and the markings, bo various in different ^^^ 
seeds, depend mostly on the outer coat. Sometimes this fits ^" 
the kernel closely; sometimes it is expanded into a tcing, as in the Trura- 
pet-Creeper (Fig. 415), and occasionally this wing ia out up into shreds 
or tufts, as in tbe Calalpa (F^. 416) ; or instead of a wing it may bear a 
Coma, or tuft of long and soft hairs, as in tbe Milkweed or Silkweed (Fig. 
417). The use of wings, or downy tufts is to render the seeds buoyant 



Fre, 411. Cone of a, common Pitch Pine. 412. Inside view of a a«par»ted seala 
or open carpel ; one seed in place: 113, the other seed. 

Fio. 414. Seed ol a Linden or Basawood cut throngh lengthwise, and magnified, 
tne part« lettered: a, the htlnm or scar; i, the outer coat; c, the inuarj d, the 
•IlMunea; t, the embryo. 
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for diBpenion b; the winds. This is clear, not oiil;^ from ttdr evideQl 
adaptation to tliia purpose, but also from the fact that wioged nnii tufted 
weds UB touad oulj in fruits tijst split open at mnturitj, never in tbose 

that remain closed. Tlie coat of some leeds ia beset vilk 
^ kJU ^^ ^^''^ '"' ^oo). Cotton, one of the most important Tf^^ 

table products, since it forms the principal clothing of the 



larger part of the human race, consists of the long and woollj bairs which 
thicUj cover the whole snrface of the seed. There are also crests or other 
appendages of various sorts on certain seeds. A few seeds 
have an additional, but more or less incomplete covering, out- 
, side of the real seed-coats called an 

!S3. Aril, or Arlllas. The loose and transparent jbxA 
bag which eucloses the seed of tbe Wliit« Water-Lilj f 1 
(Fig. 113) is of this kind. 80 is the mace of tlie I ^J« 
nutmeg; and also tbe scarlet pulp around the seeds \| If 
of the Waiwork (Celastras) and Strawberrj-hush wJu 
(EuonjiDus). Tbe aril is a growth from the ex. ^^ 
tremitj of tbe seed-stalk, or &om the placenta when iis 
there is no seed-stAlk. 
384. A short and thickish appendage at or close to the hilom in certain 
seeds is called a Cardnclb or Strophiolb (Fig. 419). 

385. The various terms which define the position or direo- ^g^ 
tion of the ovule (erect, ascending, elc.) apply equally to the ^^^tB 
seed: so also the terms anatropo us, ortbotropous, campylotro- R' im9 
pous, etc., as already defined (320, 331), and such terms as K^. yM 
HiLDM, or Scar left where the seed-stalk or funiculus falls Mijm 
away, or wbcre the seed was attached directly to the placenta ^^7 
when there ia no seed-sUllc. <» 

RuAPBE, the line or ridgt which runs from the hjlum to the cbalaza in 
anatropouB and amphitropous seeds. 

CHU.A2A, the place where the sced^coats and the kemei or nucleus are 
organically connected, — at the hilum in orthotropoua and campylotropous 
seeds, at the extremity of the Thapbe or tip of the seed in other kinds. 

MiCKOFiLE, uiswering to the Foramen or orifice of the ovule. Compare 
the accompanying figures and those of the ovules. Fig. 341-355. 

Flo. IIG. A winged seed of tlie Tnimpet-Craep«r. 

Pio. 416. One o( Catslpa, the ksmel cut to show the embryo. 

Flo. 417- Seed of Milkweed, withaComoortuftof long silky hairs at one end. 

FlQ. 418. Seed of White Water-Lil;, enclosed In its aril. 

FlO «S. Seed of RicinuB or CMtor-oU plant, with csmnde. 
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386. The Kernel, or Nadeas, is the wbole body of the seed within the 
ooats. Inmany seeds the ker- 
nel is all Embryo ; in others ' 
a large part of it is the Al* ^ 
bumen. For example, in Fig. 
423, it is wholly embryo; in ^ 
Fig. 422, all but the small 
speck (^) is albumen. 

387. The Albumen or Endosperm of the seed is sufficiently charac- 
terized and its office explained in Sect. III., 31-35. 

388. The Embryo or Qerm, which is the rudimentary plantlet aud the 
final result of blossoming, and its development in germination have been 
extensively illustrated in Sections II. and lU. Its essential parts are the 
Badicle and the Cotyledotu, 

389. Its Radicle or Canlicle (the former is the term long and gener- 
ally used in botanical descriptions, but the latter is the more correct one, 
for it is the initial stem, which merely gives origin to the root), as to its 
position in the seed, always points to and lies near the micropyle. In re- 
lation to the pericarp it is 

Superior, when it points to the apex of the fruit or cell, and 
Inferior, when it points to its base, or downward. 

390. The Cotyledons have already been iQustrated as re- 
spects their number, — giving the important distinction of Dicoty- 
ledonous, Polyeotyledonous and Monocotyledonous embryos (36-43), 
— also as regards their tiiickness, '^ihsWiei foliaceous or fleshy ; 
aud some of the very various shapes and adaptations to the seed have been 
figured. They may be straight, or folded, or rolled up. In the latter 
case the cotyledons may be rolled up as it were from one margin, as 

in Calycanthus (Fig. 424), or from apex to base in 
a flat spiral, or they may be both folded (^plicate) 
and rolled up {convolute), as in Sugar Maple (Fig. 
11.) In one very natural family, the Cruciferse, two 
different modes prevail in the way the two cotyledons 
are brought round against the radicle. In one series 
426 426 they are 




424 





Fio. 420. Seed of a Violet (anatropous) : a, hilum; &, rhaphe; c, chalaza. 

Fig. 421. Seed of a Larkspur (also anatropous); the parts lettered as in the last. 

Fio. 422. The same, cut through lengthwise: a, the hilum; c, chalaza; d, outer 
seed-coat; s, inner seed-coat; /, the albumen ; g^ the minute embryo. 

Fig. 42?. Seed of a St. John*s-wort, divided lengthwise; here the whole kernel 
is embryo. 

Fia 424. Embryo of Calycanthus; upper part cut away, to show the convolute 
cotyledons. 

FiG^ 425. Seed of Bitter Cress, Barbarea, cut across to show the aocumbent 

ootyledoDS. 426. Embryo of same, whole. 
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427 



428 



Acemmhent, that is, the edges of the flat cotyledons lie against the radicle, 
as in Fig. 425, 426. In another they are 
Incumbent, or with the plane of the cotyledons brought up in the opposite 

direction, so that the back of one of them Ues against 
the radicle, as shown in Fig. 427, 428. 

391. As to the situation of the embryo with respect 
to the albumen of the seed, when this is present in any 
quantity, the embryo may be AxUe, that is occupying 
the axis or centre, either for most of its length, as in 
Violet (Fig. 429), Barberry (Fig. 48), and 
Fine (Fig. 56) ; and in these it is straight. 
But it may be variously curved or coiled 
in the albumen, as in Helianthemum 
(Fig. 430), in a Potato-seed (Fig. 50), 
or Onion-seed (Fig. 60), and Linden 

(Fig. 414); or it may be coiled around 429 480 430 a 

the outside of the albumen, partly or into a circle, as in Chickweed (Fig. 
431, 432) and in Mirabilis (Fig. 52). The latter mode prevails in Campylo- 

tropous seeds. In the cereal grains, such as Indian 

Com (Fig. 67) and Rice, 430 «), and in all other 

Grasses, the embryo is straight and applied to the 

481 432 outside of the abundant albumen. 

392. The matured seed, with embryo ready to germinate and reproduce 

the kind, completes the cycle of the vegetable life in a phanerogamous 

plant, the account of which began with the seed and seedling 







Section XVI. VEGETABLE LIFE AND WORK. 

393. The following simple outlines of the anatomy and physiology ot 
plants (3) are added to the preceding structural part for the better prepar- 
ation of students in descriptive and systematic botany ; also to give to all 
learners some general idea of the life, growth, intimate structure, and action 
of the beings which compose so large a part of organic nature. Those who 
would extend and verify the facts and principles here outlined will use the 
Physiological Botany of the " Botanical Text Book," by Professor Goodale, 
or some similar book. 

Fig. 427. Seed of a Sisymbrium, cut across to show the incumbent cotyledons. 
428. Embryo of the same, detached whole. 

Fig. 429. Section of seed of Violet ; anatropous with straight axile embryo in 
the albumen. 430. Section of seed of Rock Rose, Helianthemum Canadense ; 
orthotropous, with curved embryo in the albumen. 430 «. Section of a grain of 
Rice, lengthwise, showing the embryo outside the albumen, which forms the 
principal bulk. 

Fig. 431. Seed of a Chickweed, campylotropous. 432. Section of same, show 
ing slender embryo coiled around the outside of the albumen of the kernel. 
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{ 1. ANATOMICAL STRUCTURE AND GROWTH. 

394. Ghrowth is the increase of a living thing in size and substance* It 
appears so natural that plants and animals should grow, that one rarely 
thinks of it as requiring explanation. It seems enough to say that a thing 
is so because it grew so. Growth from the seed, the germination and de- 
velopment of an embryo into a plantlet, and at length into a mature plant 
(as illustrated in Sections II. and III.), can be followed by ordinary obser- 
vation. But the embryo is already a miniature plantlet, sometimes with 
hardly any visible distinction of parts, but often one which has already 
made very considerable growth in the seed. To investigate the formation 
and growth of the embryo itself requires well-trained eyes and hands, and 
the expert use of a good compound microscope. So this is beyond the 
reach of a beginner. 

395. Moreover, although observation may show that a seedling, weigh- 
ing only two or three grains, may double its bulk and weight every week 
of its early growth, and may in time produce a huge amount of vegetable 
matter, it is still to be asked what this vegetable matter is, where it came 
from, and by what means plants are able to increase and accumulate it, and 
build it up into the fabric of herbs and shrubs and lofty trees. 

396. Protoplasm. All this fabric was built up under life, but only a 
small portion of it is at any one time alive. As growth proceeds, life is 
passed on from the old to the new parts, much as it has passed on from 
parent to oflfepring, from generation to generation in unbroken continuity. 
Protoplasm is the common name of that plant-stuflP in which life essentially 
resides. All growth depends upon it; for it has the peculiar power of 
growing and multiplying and building up a living structure, — the animal 
ao less than the vegetable structure, for it is essentially the same in both. 
Indeed, all the animal protoplasm comes primarily from the vegetable, 
which has the prerogative of producing it ; and the protoplasm of plants 
furnishes all that portion of the food of animals which forms their flesh 
and living fabric. 

397. The very simplest plants (if such may specifically be called plants 
rather than animals, or one may say, the simplest living things) are mere 
particles, or pellets, or threads, or even indefinite masses of protoplasm of 
vague form, which possess powers of motion or of changing their shape, 
of imbibing water, air, and even other matters, and of assimilating these 
into plant- stuff for their own growth and multiplication. Their growth 
is increase in substance by incorporation of that which they take in and 
assimilate. Their multiplication is by spontaneous division of their sub- 
stance or body into two or more, each capable of continuing the process. 

398. The embryo of a phanerogamous plant at its beginning (344) is es* 
sentially such a globule of protoplasm, which soon constricts itself into two 
and more such globules, which hold together inseparably in a row ; then 
the last of the row divides without separation in the two other planes^ to 

t 
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488 





form a compound mass, each grain or globule of which goes on to double 
itself as it grows ; and the definite shaping of thb still increasing mass 
builds up the embryo into its form. 

399. Cell-walls. While this growth was going on, each grain of the 
forming structure formed and clothed itself with a coat, thin and trans- 
^rent, of something different from protoplasm, — something which hardly 
and only transiently, if at all, partakes of the life and action. 
The protoplasm forms the living organism ; the coat is a kind 
of protective covering or shell. The protoplasm, like the 
desh of animals which it gives rise to, is composed of four 
chemical elements: Carbon, Hydrogen, Oxygen, and Nitro- 
gen. The coating is of the nature of wood (is, indeed, that 
which makes wood), and has only the three elements. Car- 
bon, Hydrogen, and Oxygen, in its composition. 

400. Although the forming structure of an embryo in 
the fertilized ovule is very minute and difficult to see, there 
are many simple plants of lowest grade, abounding in pools 
of water, which more readily show the earlier stages or sim- 
plest states of plant-growth. One of these, wliich is common 
in early spring, requires only moderate magnifying power 
to bring to view what is shown in Fig. 437. In a slimy 
mass which holds all loosely together, little spheres of green 
vegetable matter are seen, assembled in fours, 
and these fours themselves in clusters of fours. 
A transient inspection shows, what prolonged 
watching would confirm, that each sphere di- 
vides first in one plane, then in the other, to 
make four, soon acquiring the size of the original, and so on, 
producing successive groups of fours. These pellets each 
form on their surface a transparent wall, like that just des- 
cribed. The delicate wall is for some time capable of expan- 
sive growth, but is from the first much firmer than the 
protoplasm within; through it the latter imbibes sur- 
rounding moisture, which becomes a watery sap, occupy- 
ing vacuities in the protoplasmic mass which enlarge or 
run together as the periphery increases and distends. 
When full grown the protoplasm may become a mere lining 
to the wall, or some of it central, as a nucleus, this usually connected with 
the wall-lining by delicate threads of the same substance. So, when full 
grown, the wall with its lining — a vesicle, containing liquid or some 
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Fio. 433-436. Figures to illustrate the earlier stages in the formation of an 
embryo ; a single mass of protoplasm (Fig. 433) dividing into two, three, and then 
into more incipient cells, which by continued multiplication build up an embryo. 

FiQ. 437. Magnified view of some of a simple fresh water Alga, the Tetraspora 
each sphere of which may answer to an individual plant 
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•olid matters and m age mos'lj air — naturally came to be named a Cell, 
Bdt the name was suggested bj, aud Erst used onlj for, cells in eombination 
or bnilt up into a faliric, much as a wall ia built of bricks, that is, iuto a 



401, CeUnlar Structure or Tissue. Suppose 
those of Fig. 437 to be beipcd np liltc a pile of cannon-balls, 
grew, to be compacted together wliile soft and yielding ; tliej 
where they touched, and each sphere, 
being tonched bj twelve surrounding 
ones would become twclrc-sided Fig 
438 would represent oiie of tbern 
Suppose the contiguous faces to be 
united into one wall or partition be 
tween adjacent cavities and a cellular 
ttr»ciure would be formed, like tint 
shown in Fig 4S9 Roots, stems leaies, 
and the wbole of phan 
erogamons plants are a •^T' \ 
fahnc of countless uum ' ^/ \-J 
bers of such cells No A /jr 
such exact regularity in '~-\^' 
size and shape is ever 

actually found ; but a nearly tiulhful magnified 
a slice of the flower-stalk of a Calla Lily (Fig. 440) shows a fsirly 



cells like 
i as they 
lid flatten 





ponding stmeture ; except that, owing to the great air-spaces of the interior, 
the fabric may be likened rather to a stack of chimneys than to a solid 
fabric. In young and partly transparent parts one may discern the cel- 
lular structure by looking down dirrclly on the surface, as of a form- 
ing root. (Fig. 82, 441, 442). 

409. The substance of which cell-walls are mainly composed is called 
Cellulose. It is essentially tlic same iu the stem of a delicafe leaf or 
petal and in the wood of au Oak, except that in the latter the walls are 

Fin. 438. Diagmni of a vegetalile cell, such as it would be If whan spherical it 
•*rB equally pressed by similar surrounding cells in a heap. 

Fro. 439. Ideal construction of cellular tissue so formed, in section. 

Fro. 4*0. Magnified view of a portion of a transverse slice of stem of Callt 
Uly. The great spaces are tuliular lir-clianneis built np by tbe cells- 




tells is from jJt 
27 to 185 millions 
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moch thickoiied and the calibre small. The protopkam of each living cell 
appears to he completely shut up and isokted in its shell of cellulose; bnt 
microacopic inTea Ligation has brought to view, in man; cases, minate 
threuda of protoplasm wliich here and tliere traverse 
the cell-wall throug-h minut* pores, thus connecting 
the living portion of one cell with that of adjacent 
ceUs. (See Fig. 447, &c.) 
403. The hairs of plants are cells formed on the 
surfuce; either elongated single cells 
(like the root-haira of Fig. 441, 443), 
or a row of shorter cells. Cotton 
fibres are long and simple cells grow 
mg from tiie surface of tlje seed 

404 The size of tbe cells of whicb 
common plants are mode up vanei 
from about the thirtieth to the thou 
sandth of an inch in diameter Ad 
ordmarj size of short or roundish 
to jfj of an incb so that there may geiierallj be from 
of cells in the compass of a cubic mch ! 
405. Some parts are bnilt up as a compact structure m others oelb 
are arranged so as to build up regular air - , - - — 

channels, as in the stems of aquatic and other 1 *" 

water-loving plants (Fig. 410), or to leaie ( i 

irregular spaces, as in the lower part of most -^ 
leaves, where the cells onlj here and there 
come iuto close contact (Fig. 443), /' 

406 All h soft cellular tissue liLe ^ 
tb f 1 that of pith, and of tbe green 
ba k 11 d Parenchyma, while fibrous 
and woody p Is are composed of Pbosen ~ i^ r c 

H M tl t of peculiarly transformed 4« 

407 Strengthening Cells. Common cellular tissue winch makes uo 
the wb 1 t cture of all very young plants and the whole of Mosses 
and other vegetables of tbe lowest grade even when full grown is too 
tender or too brittle fo give needful strength and toughness for plants 
which are to rise to any considerable heii^ht and support tbemselves In 
these needful strength is imparted, and the contcjancc of sap through tbe 
plant is facilitated, by the change, as they are formed of some cells into 
thicker- walled and tiiuglicr tubes, and bv tlic running together of some of 

Fig. 441. Much magnified emnll portion of young root of a seedling Mapl* 
(such as of Fig. 82) ; and 442, a few cells of sume more magnilied. The prolongn- 
tions from the liaolt of some of the cells are rool-linira. 

FlO. 113. Magnified suction throngii the thickness of a leaf of Florida Star 
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fbeae, or the prolongatioa of others, into hoUoT fibres or tubes of varioiu size. 
Two sorts of such transformed cells go together, and essentially fonn the 

408. Wood. This is found in s]l common herbs, as well as in slimbi 
ind trees, but the former have much less of it in proportiou to the softer 
cellular tissue. It is formed ver; early iu the growth of the root, stem, 
and leaves, — traces of it appearing in large embryos even vliile yet m the 
seed. Those cells that leogllicu, and at the same time chicken their walls 
form the proper Woodi Pibek or Wood-cells ; those of lai^er size and 
thinner walls, which are thiclLcned only in certain parts so as to have 
peculiar markings, and nliicli often arc seen 444 445 «T 

to be made up of a row of cylindrical cells, ' 
with the partitions between absorbed or bro- 
ken away, are called Ducts, or sometimes 
Vessbu. There are all gradations between 
wood-cells and ducts, and between both these 
Uid common cells. But io most plants the 
three kinds arc fairly distinct. 

409. The proper cellular tisane, or pa'wn- 
Ciiywa, ia the ground-work of root, stem, and 
leaves; this is traversed, chiefly lengthwise, 
by the strengthening and conducting tissue, 
wood-cells and duct-cells, in the form of 
bundles or threads, which, iu the stems 1 
stalks of herbs are fewer and comparatively 1 
scattered, but in shrubs and trees so nun' 
rous and crowded that in the stems and 
all permanent parts they make ft soUd mass 
of wood. They extend into and ramify in 
tbe leaves, spreading ont in a horiioDtal 
plane, as the framework of ribs and veins, 
which supports the softer cellular portion or 
parenchyma. 

410. ■Wood-Oella, or Woody Fibraa, 
consbt of tubes, commonly between one and **^ 

two thousaudths, but in Pine- wood somelimes two or three hundredths, 
of an inch in diameter. Those from the tough bark of the Basswood, 

Fia 444. Hngnifled wood-cells of the bark (bast-cella) of Basawood, one and 
part of mother. 445. Some wooil-oells from the wood (and below part of a duct) ; 
and 446, a detached wood-cell of the eanie; eqnnlly magnified. 

Pio. 447. Soma wood-cells from Buttonwooil, Platanus, highly magnififtd, a 
whole call and lower eud of another on the left ; a cell cut half away lengthwise, 
and half of another on the right ; some pores or pits (ra) seen on the left; while 
6 6 mark aections through these on the cut suiface. When living and young tha 
protopiMm eitenda into these and hj- minuter perforations connects across them 
tn age the pita become open pauacea, fadtitatjng the passage of sap uid air 
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shown in Fig. Hi, are onlj tlie fifteen-hundred tli of au iuch wide. Tbose 
of Buttonwood (Fig, 417) are larger, and are Ijen; Ijiglily magnified besides. 
The figures show the wuj wood-cells are conimonlj put together, namely, 
with their tapering ends overlappiug each other, — spliced together, as it 
were, — thus giving more strengtii and toughness, lu hard woods, such 
as Hickor; and Oak, the walls of these tulics are ver; thick, as well as 
dense; while in soft woods, such as White-Piuc and Basswood, they are 
tbiuner. 

411. Wood-cells in the bark are generally longer, finer, and tougher 
than those of the proper wood, and appear more like fibres. ?or example. 
Fig. aa represents a cell of the vood of Basswood of average length, and 
Fig. 444 one (and part of another) of the fibrous bark, both drawn to the 
same scale. As these long cells form the principal part of fibrous bark, or 
6aal, they are named Bast-cells or Bmt-jibrei. These give the great tough- 
ness and llexibility to the imier bark of Basswood (i. e. Bast-wood) and of 
Leatherwood i and they furuish the invaluable fibres of Hal and hemp; 
the proper wood of their stems 
being tender, brittle, and de- 
f strojed by the processes which 
separate for use the lough and 
slender bast-cells. In Leather- 
wood (Dirca) the bast-cells are 
remarkably slender. A yiew of 
one, if magnified on the scale 
of Fig 441, would be a foot 
and a hall long. 
«8 «9 «*• 412. The wood-cells of Knes, 

and more or less of all other Coniferous trees, hare on two of their ades 
Tery peculiar disk-shaped markings (Fig. 4tS-i50) by which that kind of 
wood is recognizable. 

413. Ducts, also called Vesseli are mostiv larger 
than wood-cells : indeed, some of them as in Hed Oak 
have cahbre large enough to be discerued on a cross 
section by the naked eye. They make Ihe vi'ible porositv 
of such kinds of wood. This is particularly the Cdse with 
Dotied ducts (Fig. 451 453) the surface of wlucli 
appears as if riddled with round or oval pores Such 
duets are commonly made up of a row of large cells moic 
or less confluent into a tube 

Scalariform duets (Fig. 458 456) common in Ferns 
and generally angled by mutual pres'iure in ihe bundles ffil **3 

FlO. 448. Magnifieil bit of a pine-shaving, taken parallel with the aflver grdn 
U9. Separatewhole wood-cell, more magnifie'l. 450. Same, atill more magmBed 
both sectlona reprewnted : a, disks in section, i, in face. 

Fia. IGl, 152. A large and a smaller dotted duct from Orape-Vine. 
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have Iransveraelj elongated tlim places parallel with each other, givmg 
a ladder like appearance whence the name 

Anntilar ducts (lig 43?) are narked with o 
ftre thickened portions of the cell wall 



9 lines or rings, which 




a spiral fibre adherent within. 

web when uncoiled by pulling apart 

it tears np and anmlnlatea the cell 

wall The uncoiled threads 

bj gently pulling apart maoj leaves 

snch as those of Amarjllis or the 

stalk of a Strawberry leaflet 

Laticiferoua duds Feueh of the 
Latex, or Mtlk tieaseh are peculiar 
branching tubes wbicli hold latex or 
milkj juice m certain plants It is 
very difficult to see them and 
BO to make out tlieir nature Tl ey ***• 

are peculiar in bra ichmg and inosculating so 
tubes running m anions; the cellular tissue 
except when gorged and old (liig 160 461) 




Spiral ducts or vessels (Fig. 453-455) have thin walls, strengthened bj 



¥ia 453 154 Spiral ducts wh 1 
dact which tears up as s band 45 
4S7 Loose spiral iluct pass ng iit 
part of a bundle, pnamatic bj pre 

Fio. 400. Milk Vessels of Daiiil 1 



1 t a single threail 455 Spiral 
ul duct with sanations abote 

458 Scalariform d ots of a Fern 

t m into a band 
1 11 f the common <!ellular tissue. 



a older and g rged w th milk; juice. All highly mag- 
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§ 2. CELL-CONTENTS. 

414. The living contents of young and active cells are mainly protoplasm 
with water or watery sap which this has imbibed. Old and efifete cells are 
often empty of solid matter, containing only water with whatever may be 
dissolved in it, or air, according to the time and circumstances. All the 
various products which plants in general elaborate, or which particular 
plants specially elaborate, out of the common food which they derive from 
the soil and the air, are contained in the cells, and in the cells they are 
produced. 

415. Sap is a general name for the principal liquid contents, — Crude sap, 
for that which the plant takes in. Elaborated sap for what it has digested or 
assimilated. They must be undistinguishably mixed in the cells. 

416. Among the solid matters into which cells convert some of their 
elaborated sap two are general and most important. These are GhlorophyU 
and Starch. 

417. Chlorophyll (meaning leaf-green) is what gives the green color to 
herbage. It consists of soft grains of rather complex nature, partly wax- 
like, partly protoplasmic. These abound in the ceUs of all common leaves 
and the green rind of plants, wherever exposed to the light. The green 
color is seen through the transparent skin of the leaf and the walls of the 
containing cells. Chlorophyll is essential to ordinary assimilation in plants : 
by its means, under the influence of sunlight, the plant converts crude sap 
into vegetable matter. 

418. Far the largest part of all vegetable matter produced is that which 
goes to build up the plant's fabric or cellular structure, either directly or 
indirectly. There is no one good name for this most important product of 
vegetation. In its final state of cell-walls, the permanent fabric of herb 
and shrub and tree, it is called Cellulose (408) : in its most soluble form 
it is Sugar of one or another kind ; in a less soluble form it is Dextrine, a 
kind of liquefied starch : in the form of solid grains stored up in the cells 
it is Starch. By a series of slight chemical changes (mainly a variation in 
the water entering into the composition), one of these forms is converted 
into another. 

419. Starch {Farina or Fecula) is the form in which this common plant 
material is, as it were, laid by for future use. It consists of solid grains, 
somewhat diflferent in form in different plants, in size varying from -^ to 
^-jj^ of an inch, partly translucent when wet, and of a pearly lustre. From 
the concentric lines, which commonly appear under the microscope, the 
grains seem to be made up of layer over layer. When loose they are com- 
monly oval, as in potato-st-arch (Fig. 462) : when much compacted the 
grains may become angular (Fig. 463). 

420. The starch in a potato was produced in the foliage. In the soluble 
form of dextrine, or that of sugar, it was conveyed through the cells of the 
herbage and stalks to a subterranean shoot, and there stored up in the 
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Uie Ticinitj of developing 
cilagiaous dextrine, tUen 
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tuber. When the potato sprouts, the starch 

buds or eyes is clianged back agaiu, first iuto 

iut« sugar, dissolved 

iu tbe sap, and in this 

form it is made to 

flo» to the growing , 

parts, where it is laid 

down into cellulose 

or ceU-wall. *® *68 

421. Besides these cell^contentg which are in obrions and essential rela- 
rion lo nutritioii, there are others the use of which b problematical. Of 
such the commonest are 

423. Crystals. These when slender or ueedle-shaped are called 
Reaphides. Tliey are of inoi^anic matter, usually of oxakle or phosphate 
01 sulphate of lime. Some, at least of the latter, ma; be direct crjstaJIiza- 





tions of what ia taken in dissolved iu tbe water absorbed, but others most 
be the result of some ehtboration in the plant Some plants have haidl; 
anj ; others abound in tli em, especially in tjie foliage and bark. In Locust- 
bark almost every cell holds a crystal ; so that in a square inch not thicker 
Uian writing-paper there may be over a million and a half of them. When 

Fis. 462. Some minified starch-graJDS, in two cells of a potato. 463. Some 
cells of the albumen or flonry part of Indian Com, filled with starch-grains. 

FiQ. 464. Pour cella from dried Onion-peel, each holding B crystal of different 
shape, otic of them twinned. 465. Some cells from stalk of Rhubarb-plant, three 
containing chlDrophyll ; two (one torn across) with rhaphides. 466. Rhaphides 
in a cell, from Arlssema, with smEXll cells eurroucding. 467. Prismatic crystals 
from the bark of Hickory. 468. Glomerate crystal in a cell, from Beet'Toot. 
469. A few cells of Locust-bEirk, a crystal In each. 470. A detached cell, with 
rhaphides being forced out, as imppens when put in water. 
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iieedle-sh<iped (rhaphides), as in stalks of Calla-Lilj, Rliubarb, or Four- 
o'cloclf, the; are usually packed ia aheaf-like bimdlcs. (ftg. 4G5, 46G.) 



I S. ANATOMY OP E00T8 AHD STEMS. 

493. This is so nearly the same that au account of the internal stnictnrs 
of stems may serve for the root also. 

in. At the beginning, either In the embryo or In an incipient shoot 
from a bud, the whole stem is of tender cellular tissue or parenchyma. 
But wood (consisting of wood^cells and ducts or vessels) begins to be 
formed in the earliest growth ; and is from (he first arranged iu two ways, 
making two general kinds of wood. The difference is obvious eren in 
herbs, but ia more conspicuous iu the enduring stems of shrubs and 

135. On one or the other of these two types the stems of all phanero- 
gamous plants are constructed. In one, the wood is made up of separate 
threads, scattered here and .tliere throughout the whole diameter of the 
stem. In the other, the wood is all collected to form a layer (in a slice 
across the stem appearing as a ring) between a central cellular part which 
has none in it, the Pili, and an outer cellular part, the Bart. 
436 An 1 pa (? 1 t a d d Co talk fu herbs and a rattan for a 
woody k nd represe t tl e first kind To I 
belong all plan s w tl n onocotyledouous em 
brjo (40) \ Bean-stalk 
and he sten of any com 
1 shrub or tree rep 
resent the second ai d 




to t belong all plants with d cotyledonous or polvcotyledonous embryi* 
The first baa been called not ye y prope !y E hgenoui wh ch means m 
s de growi g tl seco d p operly enougl Eiog noui or o ts de^rowi g 
437 Endogenous St«ms tl attt of Mo ocotvis (40) atta n the i 
g eatest size ai d n ost cl u cle to develon ent n Palms and Dragon 
trees therefore cl efly u warm cbmatos a!tl ough the Pal tto and somt 



Y 472 S n tnre of a Jt. j- 

on. 473. Same of a small Palm-steio. 
t ends of the woody tnmdlM or threads 



FlQ 471 Diagram of b ru Pali 

(talk, in tnnsvene Kod longitudinal seel 
The dota on the crosa sacttous repreaent ci 
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Yuccas become trees along tlie southern borders of tbe United States, Ib 
such steins the wood; buudles are more numerous and crowded toward the 
circumrerence, and so the harder wood is outside ; while iu an exc^noas 
stem the oldest and hardest wood is toward the centre. An endogenous 
st«Qj has no clear distinction of pith, bark, aud wood, conceutricallj ar. 
ranged, no silver grain, no auuual layers, no bark that peels off clean from 
ttie wood. Yet old stems uf Yuccas and the like, that cciitiiiue to increase 
in diameter, do form a aort of layers and a kind of scaly bark when old. 
Yuccas show well the curving of the woody bundles (Fig. 471) which 
below taper out and are lost at tbe niid. 

43S. Exogenous Stems, those of Dicutyls (37), or of plants coming 
from dicotyledonous and also polycotyledouous embryos, have 
a atructure which is familiar in the wood of our ordinary • 
trees and shrubs. It is tlie same in an lierbaceons shoot 
(such as a Flax-stem, Fig. 474) as in a Maple-stem of the 
first year's growth, except tliat tlie woody layer is com- 
uioiJy thinner or perhaps reduced to a circle of bundles. 
It was so in the tree-stem at the begiuiiing. The wood all 
forms in a cylinder, — in cross section a liug — around a cen- 
tral cellular part, dividing the cellular core within, the pith, from e oeDa 
lai bark without. As the wood-bundles increase in number and in ei^e. 




fhey press upon *each other and become wedge-shaped in the crou sec- 
tion ; and they continue to grow from the outside, nest the bark, so that 
they become very thin wedgea or plates. Between the plates or wedges 
are very thin plates (in cross section lines) of much compressed cellular 
tisane, which connect Ibe pith with the bark. The plan of a one-year-old 
woody stem of this kind is exhibited in the figures, which are essentially 
diagrams. 
439. When such a stem grows on from year to year, it adds urnnany a 

Fia. 474. Short piece of stem of Flax, magnlfieil, showing the bark, wood, and 
pith in a cross section. 

Fio. 475, Diagram of a cross section of a very youn^ exogenous stem, showing 
eii woody hnnd!e.i or w&lges, 476. Same later, with weilses increased to twelve. 
477. Still later, the weilgea filling the space, separated only by the thin lines, oi 
medullary rays, running from pith to baik. 
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bjer of wood outside the preceding one, between that and the bark. Thte 
is exogenous growth, or outaide-growing, as the name deuotea. 

430. Some new bark is formed everj jear, aa well as new wood, the 
fjg fonnei' inside, as the latter 

ia outside of that of the 
year preceding. The ring 
or zone of Ifinder forming 
tissue between the bark 
and tiie wood has been 
called the Carabivm Layer. 
Camb'am is an old name 
of physiologists for 

nntr ve juice. And this 
thin kver is so gorged 
w th rich ttutritive sap 
when pring growth is re- 
newed that tlie bark then 
seems to be loose from 
the wood and a layer of 
Tisc d sap (or cambium) to 
be poured out between tlie 
wo But there is all 
the while a cotiiiection of 
the bark and the wood b; 
del a e cells, rapidly mnl- 

■ '» i * t pi ng and growing. 

;; 431. The Bark of a 

**■ year-old stem consists of 

three parts, more or less disLioot, namely, — beginning next the wood, — 

1. The LlBBK or Fibrous Bark, the Inner Bark. Tliis contains some 
wood-cells, or their equiTalcat, commoulj in the form of bast or bast-cells 
(411, Pig. 444), such as those of Basswood or Linden, and among herbs 
those of flai and hemp, which are spun and woven or made into cordage. 
It also contains cells which are named siVus-ceDs, on account of numerous 
slits and pores in tlieir walls, by which the protoplasm ot contiguous cells 
communicates. In woody stems, whenever a new Uyer of wood is formed, 
Bome new liber or inner bark is also formed outside of it. 



m\ r 



Fro. 471 Piece ot a. stem of Soft Maple, 






iBswLae and length. 



FiH. 479. A portion of the same, magnified. 

Fio. 480. A small pifoe of the same, tnken fVom one side, reselling from the hark 
to the pith, and highly mapiitied: a, a small 1iit of thepith; b, spiral diiMs of what 
is called the mediiSa.ry ahtath : c, the wooil; d, d, dotted ducta in the wood; 
e,f, annular ducUi/, the liber or inner bark; g, the green bark; k, the corky 
lajeri i, the skin, or epidermis ; j, one of the medullary rays. Or platea of silrer 
grain, ubh oq the eroes-section. 
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2. The Gkexn Baiik or Middle Bark. This consists of ceUnlar tissue 
onlj, and contains the same green matter {ehlorophyll, 417) as the leaves. 
Li wood; stems, before tlie season's growth is completed, it becomes cor- 
ered by 

3. Teb CoEKr L&TGK or Outer Sari, the cells of which contain no 
chlorophjll, and are of the nature of eort. Common cork is the thick 
corky layer of the bark of the Cork-Oak of Spwn. It ia this which gives 
to the stems or twigs of shrubs and trees the aspect and the color peculiar 
to each, — light gray in the Ash, purple in the Red Maple, red in several 
Dogwoods, etc. 

1. The EFiSBama, or skin of the plant, consisting of a layer of thick- 
sided empty cells, which may be considered to be tbe outermost layer, or 
in moat herbaceous stems the only layer, of cork-cclla. 




433. The greeu layer of bark seldom grows much after the first season. 
Sometimes the cocky layer grows and forms new layers, inside of the old, 
tor years, as in the Cork-Oak, the Sweet Gum-tree, and the "White and the 
Paper Birch. But it all dies after a while; and the continual enlargement 
(if the wood within finally stretches it mure than it can bear, and sooner or 
later cracks and rends it, while the weather acts powerfully npon Its sur- 
face ; so the older bark perishes and falls away piecemeal year by year. 

433. So on old trunks only the inner bark remains. Thb is renewed 
every year from within and so kept alive, while the older and outer layers 
die, are fissured and rent by the distending trunk, weathered and worn, and 
thrown off in fragments, — in some tiees slowly, so that the bark of old 
trunks may acquire great thickness; in others, more rapidly. In Honey- 
luckles and Grape- Vines, tbe layers of liber loosen and die when only b 
year or two old. The annual layers of liber are sometimes as distinct as 
those of the wood, but often not so. 

Fia. 481. Magnified view of snrfEUM of a bit of young Mapte wood from wbiob 
Ills bark haa been Utm away, showiug the wood-Cells and the bark-ends of medal- 
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434. The Wood of an exogenous trunk, having the old growths covered 
by the new, remains nearly unchanged in age, except from decay. Wherever 
there is an annual suspension and renewal of growth, as in temperate cli- 
mates, the annual growths are more or less distinctly marked, in the form 
of concentric rings on the cross section, so that the age of the tree may bi. 
known by counting them. Over twelve hundred layers have been counted 
on the ^^umps of Sequoias in California, and it is probable that some trees 
now living antedate the Christian era. 

435. The reason why the annual growths are distinguishable is, that the 
wood formed at the beginning of the season is more or less different in the 
size or character of the cells from that of the close. In Oak, Chestnut, etc., 
the first wood of the season abounds in dotted ducts, the calibre of which 
IS many times greater than that of the proper wood-cells. 

436. 8ax>-wood, or Albmnmn. This is the newer wood, living or 
recently alive, and taking part in the conveyance of sap. Sooner or later, 
each layer, as it becomes more and more deeply covered by the newer ones 
and farther from the region of growth, is converted into 

437. Heart-wood, or Duramen. This is drier, harder, more solid, 
and much more durable as timber, than sap-wood. It is generally of a 
different color, and it exhibits in different species the hue peculiar to each, 
such as reddish in Red-Cedar, brown in Black-Walnut, black in Ebony, etc. 
The change of sap-wood into heart- wood results from the thickening of the 
walls of the wood-cells by the deposition of hard matter, lining the tubes 
and diminishing their calibre; and by the deposition of a vegetable coloring- 
matter peculiar to each species. The heart- wood, being no longer a living 
part, may decay, and often does so, without the least injury to the tree, 
except by diminishing the strength of the trunk, and so rendering it more 
liable to be overthrown. 

438. The Living Parts of a Tree, of the exogenous kind, are only 
these : first, the rootlets at one extremity ; second, the buds and leaves of 
the season at the other ; and third, a zone consisting of the newest wood 
and the newest bark, connecting the rootlets with the buds or leaves, how- 
ever widely separated these may be, — in the tallest trees from two to four 
hundred feet apart. And these parts of the tree are all renewed every year. 
No wonder, therefore, that trees niay live so long, since they annually re. 
produce everything that is essential to their life and growth, and since only 
a very small part of their bulk is alive at once. The tree survives, but 
nothing now living has been so long. In it, as elsewhere, life is a transh 
tory thing, ever abandoning the old, and renewed in the j/cmng. 

% 4. ANATOMY OP LEAVES. 

439* The wood in leaves is the framework of ribs, veins, and veinleta 
(125), serving not only to strengthen them, but also to bring in the sap, 
and to dlstiibute it throughout rvery part. The cellular portion is the 
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green palp, and ia nearly the same as the green Ujer of the bark, 80 that 
the leaf maj properly enough be regarded as a sort of expamion of the 
fibrous and green layers of the bark. It has no proper corky layer ; but 
tbe whole ia covered by a transparent skin or epiderms, Tesembling that 
of the stem, 

MO. The cells of the leaf are of varions forma, rarely so compact as to 
form a close cellular tissue, osaally loosely arranged, at least in the lower 
part, so as to give copious intervening spaces or air passages, comnnuiu- 
cating throughout the whole interior (Fig. 443, 483). The green color is 
given by the chlorophyll (417), seen through the very transparent walls o( 
the cells and through the translucent epidermis of the leaf. 

441. In ordinary leaves, having an upper and under surface, tbe green 
oells form two distinct strata, of different arrangement. Those of the 
upper Btratum are oblong or cylindrical, and stand endwise to the sur&ce 
of tbe leaf, usually close together, leaving hardly any vacant spaces ; those 
of the lower are commonly irregular in shape, most of them with th^ 
longer diameter parallel to the face of tbe leaf, and ars very loosely ar- 
ranged, leavii^ many and wide air-chambers. The green color of the 
lower is tberefore diluted, and paler than that of tbe upper fiice of the leaf. 
The Dpper part of the leaf is so constructed as to bear tlie direct action 




of the nuuluiH ; the lower so as to afford freer circulation of air, and to 
&cilitate transpiration. It commuuieates more directly than tiie upper 
with the external air by means of Stomalei. 

442. The Epidermia or skin of leaves and all young shoots b best 
seen in the foliage. It may readily be stripped oS from the surface of a 
Lily-leaf, and still more so from more fleshy and soft leaves, such as those 



Fid. 483. Magnified section of a leaf of White Lily, to eihibit tba ceUoIai 
rtrnctare, both of upper and lower stratum, the air-passagea of the lower, and 
the epidflrmia or akin, ia acction, also a GUIe of that of the Lwer faca. wltli mna' 
or ita Bt 
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of Eouseleek. The epidermis is osuallj composed of a single layer, oca- 
Bionally of two or three layers, of empty , 
cells, mostly of irregular outline. Tbe 
nous lines whiob traTerse it, and may be dis- I 





□emed uudor low powers of the microscope (Fig. 487)) are the boondaries 
of tbe epidermal cells. 

443, Breathing-pores, or Stomates, Stomata (singular, a Sl<ma,~~ 
literally, a mouth) are openings throagh the epidermis iuto the air-chambers 
or intercellular passages, always between and guarded by a pair of thin- 
walled guardian cells. Although most abundant in leaves, especially on 
their lower face (that which is screened from direct sunlight), they are 
found on most other green parts. They establish a direct communicatiOD 
between tLe external air and that in the loose interior of tlie leaf. Their 
guardian cells or Hps, which are soft and delicate, like those of tbe green 
pulp within, by their greater or less turgidity open or close the orifice as the 
moisture or dryueas varies. 

444. In,the While Lily the stomata are so remarkably large that Uiey 
may be seen by a simple microscope of moderate power, and may be dis- 
cerned even by a good hand lens. There are about G0,000 of them to the 
square inch of the epidermis of the lower face of this Lily-leaf, aud only 
■bout 3000 to the same space od the upper face. It is computed that an 
average leaf of an Apple-tree haa on its lower face about 100,000 of these 
mouths. 



i 6. PLANT FOOD AND ASSIMILATION. 

445. Only plants are capable of oripnatiug oi^nizable matter, or the 
materials which compose the structure of vegetables and animals. The es- 
sential and peculiar work of plants is to take up portions of earth and air 
(water belonging to both) upon which animals cannot live at all, and to 
convert them inlo something oi^niiable ; that is, into something thut, 
under life, may be built up into vegetable and animal structures. AH the 
food of animals is produced by plants. Animals Lve upon vegetables. 

Fro, 4S4. Small portion of epidermis o( the lower face of a Whlte-Lilj leaT, 
litli stomata. 

Fia. 435. One of these, more magniHed, in the closed state. 480. Aoothei 
■toma, open. 

Fia. 487. Smalt portion of epidennig of the Garden Balaam, highly msgnlfled, 
■bowing vary slunoua-walled eella, and three etomata- 
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directly or at second hand, the carnivorous upon the herbivorous; and 
vegetables live upon earth and air, immediately or at second hand. 

446. The Food of plants, then, primaiily, is earth and air. This is 
evident enough from the way in which they live. Many plants will flourish 
in pure sand or powdered chalk, or on the bare face of a rock or wall, 
watered merely with rain. And almost any plant may be made to grow 
from the seed in moist sand, and increase its weight many times, even if it 
will not come to perfection. Many naturally live suspended from the 
branches of trees high in the air, and nourished by it alone, never hav- 
ing any connection with the soil ; and some which naturally grow on the 
ground, like the Live-forever of the gardens, when pulled up by the roots 
and hung in the air will often flourish the whole summer long. 

447. It is true that fast-growing plants, or those which produce much 
vegetable matter in one season (especially in such concentrated form as 
to be useful as food for man or the higher animals) will come to maturity 
only in an enriched soil. But what is a rich soil P One which contains 
decomposing vegetable matter, or some decomposing animal matter; that 
is, in either case, some decomposing organic matter formerly produced by 
plants. Aided by this, grain-bearing and other important vegetables will 
grow more rapidly and vigorously, and make a greater amount of ncurish- 
iug matter, than they could if left to do the whole work at once from the 
beginning. So that in these cases also all the organic or organizable matter 
was made by plants, and made out of earth and air. Ear the larger and 
most essential part was air and water. 

448. Two kinds of material are taken in and used by plants ; of which 
the first, although more or less essential to perfect plant-growth, are in a 
certain sense subsidiary, if not accidental, viz. : — 

Earthy constituents, those which are left in the form of ashes when a leaf 
or a stick of wood is burned in the open air. These consist of some potash 
(or soda in a marine plant), some silex (the same as flint), and a little lime, 
alumine, or magnesia, iron or manganese, sulphur, phosphorus, etc., — some 
or all of these in variable and usually minute proportions. They are such 
materials as happen to be dissolved, in small quantity, in the water taken 
up by the roots ; and when that is consumed by the plant, or flies off pure 
(as it largely does) by exhalation, the earthy matter is left behind in the 
cells, — just as it is left incrustiiig the sides of a teakettle in which much 
hard water has been boiled. Naturally, therefore, there is more earthy 
matter (i. e. more ashes) in the leaves than in any otlier par*, (sometimes 
as much as seven per cent, when the wood contains only two per cent) ; 
because it is through the leaves that most of the water escapes from the 
plant. Some of this earthy matter incrusts the cell- walls, some goes to 
form crystals or rhaphides, which abound in many plants (422), some 
enters into certain special vegetable products, and some appears to be ne- 
cessary to the well-being of the higher orders of plants, although forming 
00 necessary part of the proper vegetable structure. 

JO 
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The essential constituents of the organic fabric are those which are dissi- 
pated into air and vapor in complete burning. They make up from 88 to 
99 per cent of the leaf or stem, and essentially the whole both of the cellu- 
lose of the walls and the protoplasm of the contents. Burning gives these 
materials oi the plant's structure back to the air, mainly in the same condi- 
tion in which the plant took them, the same condition which is reached 
more slowly in natural decay. The chemical elements of the cell-walls (or 
cellulose, 402), as also of starch, sugar, and all that class of organizable 
cell-material, are carbon, hydrogen, and oxygen (399). The same, with 
nitrogen, are the constituents of protoplasm, or the truly vital part of 
vegetation. 

449. These chemical elements out of which organic matters are com- 
posed are supplied to the plant by water, carbonic acid, and some combina- 
tions of nitrogen. 

Water, far more largely than anything else, is imbibed by the roots ; also 
more or less by the foliage in the form of vapor. Water consists of oxygen 
and hydrogen; and cellulose or plant- wall, starch, sugar, etc, however 
different in their qualities, agree in containing these two elements in the 
same relative proportions as in water. 

Carbonic acid gas (Carbon dioxide) is one of the components of the atmos- 
phere, — a small one, ordinarily only about -^^^ of its bulk, — sufficient 
lor the supply of vegetation, but not enough to be injurious to animals, as it 
would be if accumulated. Every current or breeze of air brings to the leaves 
expanded in it a succession of fresh atoms of carbonic acid, which it absorbs 
through its multitudinous breathing-pores. This gas is also taken up by 
water. So it is brought to the ground by rain, and is absorbed by the roots 
of plants, either as dissolved in the water they imbibe, or in the form of 
gas in the interstices of the soil. Manured ground, that is, soil containing 
decomposing vegetable or animal matters, is constantly giving out this gas 
into the interstices of the soil, whence the roots of the growing crop absorb 
it. Carbonic acid thus supplied, primarily from the air, is the source of the 
carbon which forms much the largest part of the substance of every plant. 
The proportion of carbon may be roughly estimated by charring some wood 
or foliage ; that is, by heating it out of contact with the air, so as to decom- 
pose and drive off all the other constituents ot the fabric, leaving the large 
bulk of charcoal or carbon behind. 

Nitrogen^ the remaining plant-element, is a gas which makes up more 
than two thirds of the atmosphere, is brought into the foliage and also to 
the roots (being moderately soluble in water) in the same ways as is car- 
bonic acid. The nitrogen wliich, mixed with oxygen, a little carbonic acid, 
and vapor of water, constitutes the air we breathe, is the source of this 
fourth plant-element. But it is very doubtful if ordinary plants can use 
any nitrogen gas directly as food ; that is, if they can directly cause it to 
combine with the other elements so as to form protoplasm. But when com- 
bined with hydrogen (forming ammonia), or when combined with oxygen 
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(uitric acid and nitrates) plants appropriate it with avidity. And aeveral 
natural processes are going on in which nitrogen of the air is so combined 
and supplied to the soil in forms directly available to the plant. The most 
efficient is nitr\ficatiotty the formation of nitre (uitrate of potash) in the soil, 
especially in all fertile soils, through the action of a bacterial ferment. 

450. Assimilation in plants is the conversion of these inorganic sub* 
stances — essentially, water, carbouic acid, and some form of combined or 
combinable nitrogen — into vegetable matter. This most dilute food the 
Hving plant concentrates and assimilates to itself. Only plants are capable 
of converting these mineral into organizable matters ; and this all-important 
work is done by them (so far as all ordinary vegetation is concerned) only 

451. Under the light of the sun, acting upon green parts or foliage y that 
is, upon the chlorophyll, or upon what answers to chlorophyll, which these 
parts contain. The sun in some way supplies a power which enables the 
hving plant to originate these peculiar chemical combinations, — to organ- 
ize matter into forms which are alone capable of being endowed with life. 
The proof of this proposition is simple ; and it shows at the same time, in 
the simplest way, what a plant does with the water and carbonic acid it 
consumes. Namely, 1st, it is only in sunshine or bright daylight that the 
green parts of plants give out oxygen gas, — then they regularly do so ; 
and 2d, the giving out of this oxygen gas is required to render the chemical 
composition of water and carbonic acid the same as that of cellulose, that 
is, of the plant's permanent fabric. This shows why plants spread out so 
large a surface of foliage. Leaves are so many workshops, full of ma- 
chinery worked by sun-power. The emission of oxygen gas from any 
sun-lit foliage is seen by placing some of this under water, or by using an 
aquatic plant, by collecting the air bubbles which rise, and by noting that 
a taper burns brighter in this air. Or a leafy plant in a glass globe may 
be supplied with a certain small percentage of carbonic acid gas, and after 
proper exposure to sunshine, the air on being tested will be found to con- 
tain less carbonic acid and just so much the more oxygen gas. 

453. Now if the plant is making cellulose or any equivalent substance, 
— that is, is making the very materials of its fabric and growth, as must 
generally be the case, ^^ all this oxygen gas given off by the leaves comes 
from the decomposition of carbonic acid taken in by the plant. For cellu- 
lose, and also starch, dextrine, sugar, and the like are composed of carbon 
along with oxygen and hydrogen in just the proportions to form water. 
And the carbonic acid and water taken in, less the oxygen which the carbon 
brought with it as carbonic acid, and which is given off from the foliage in 
sunshine, just represents the manufactured article, cellulose. 

453. It comes to the same if the first product of assimilation is sugar, 
or dextrine which is a sort of soluble starch, or starch itself. And in the 
plant all these forms are readily changed into one another. In the tiny 
seedling, as fast as this assimilated matter is formed it is used in growth, 
that is, in the formation of cell-walls. After a time some or much q) 
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the product may be accumulated m store for future growth, as in the root 
of the turnip, or the tuber of the potato, or the seed of com or pulse. 
Hiis store is mainly in the form of starch. When growth begins anew, 
this starch is turned into dextrine or into sugar, in hquid form, and used 
to nourish and build up the germinating embryo or the new shoot, where 
it is at length converted into cellulose and used to build up plant-structure. 

454. But that which builds plant- fabric is not the cellular structure 
itself; the work is done by the living protoplasm which dwells within the 
walls. This also has to take and to assimilate its proper food, for its own 
maintenance and growth. Protoplasm assimilates, along with the other 
three elements, the nitrogen of the plant's food. This comes primarily from 
the vast stock in the atmosphere, but mainly through the earth, where it is 
accumulated through various processes in a fertile soil, — mainly, so far as 
concerns crops, from the decomposition of former vegetables and animals. 
This protoplasm, which is formed at the same time as the simpler cellulose, 
is essentially the same as the flesh of animals, and the source of it. It is 
the common basis of vegetable and of animal life. 

455. So plant-assimilation produces all the food and fabric of animals. 
Starch, sugar, the oils (which are, as it were, these farinaceous matters 
more deoxidated), chlorophyll, and the like, and even cellulose itself, form 
the food of herbivorous animals and much of the food of man. When 
digested they enter into the blood, undergo various transformations, and are 
at length decomposed into carbonic acid and water, and exhaled from the 
lungs in respiration, — in other words, are given back to the air by the ani- 
mal as the very same materials which the plant took from the air as its food, 
— are given back to the air in the same form that they would have taken if 
the vegetable matter bad been left to decay where it grew, or if it had been 
set on fire and burned ; and with the same result, too, as to the heat, — the 
heat in this case producing and maintaining the proper temperature of the 
animal. 

456. The protoplasm and other products containing nitrogen (gluten, 
legumine, etc.), and which are most accumulated in grains and seeds (for 
the nourishment of their embryos when they germinate), compose the most 
nutritious vegetable food consumed by animals; they form their proper 
flesh and sinews, while the earthy constituents of the plant form the earthy 
matter of the bones, etc. At length decomposed, in the secretions and 
excretions, these nitrogenous constituents are through successive changes 
finally resolved into mineral matter, into carbonic acid, water, and ammonia 
or some nitrates, — into exactly or essentially the same materials which the 
plants took up and assimilated. Animals depend upon vegetables abso- 
lutely and directly for their subsistence ; also indirectly, because 

457. Plants purify the air for animals. In the very process by which they 
create food they take from the air carbonic acid gas, injurious to animal res- 
piration, which is continually poured into it by the breathing of all animals, 
by all decay, by the burning of fuel and all other ordinary combustion; and 



SECTION 16. 



MOVEMENTS. 



U9 



they restore an equal bulk of life-sustaining oxygen needful for the respiratioE 
of animals, —needful, also, in a certain measure, for plants in any work tbe^ 
do. For in plants, as well as in animals, work is done at a certain cost 



§ 6. PLANT WORK AND MOVEMENT. 

45S. As the organic basis and truly living material of plants is identical, 
with that of animals, so is the life at bottom essentially the same ; but ii< 
animak something is added at every rise from the lowest to highest organ- 
isms. Action and work in living beings require movement. 

4*59. Living things move; those not liviug are only moved. Plants 
move as truly as do animals. The latter, nourished as they are upon or- 
ganized food, which has been prepared for them by plants, and is found 
only here and there, must needs have the power of going after it, of collect- 
ing it, or at least of taking it in ; which requires them to make spontaneous 
movements. But ordinary plants, with their wide-spread surface, always 
m contact with the earth and air on which they feed, — the latter every- 
where the same, and the former very much so, — might be thought to have 
no need of movement. Ordinary plants, indeed, have no locomotion ; some 
float, but most are rooted to the spot where they grew. Yet probably all 
of them execute various movements which must be as truly self-caused as 
are those of the lower grades of animals, — movements which are over- 
looked only because too slow to be directly observed. Nevertheless, the 
motion of the hour-hand and of the minute-hand of a watch is not less real 
than that of the second-hand. 

460. Locomotion. Moreover, many microscopic plants living in water 
are seen to move freely, if not briskly, under the microscope ; and so like- 
wise do more conspicuous 
aquatic plants in their embryo- 
like or seedling state. Even at 
maturity, species of Oscillaria 
(such as in Fig. 488, minute 
worm-shaped plants of fresh 
waters, taking this name from 
their oscillating motions) freely i^ 

execute three different kinds 

of movement, the very delicate investing coat of cellulose not impeding tne 
action of the living protoplasm within. Even when this coat is firmer and 
hardened with a siliceous deposit, such crescent-shaped or boat-shaped 
one-celled plants as Closierium or Navicula are able in some way to move 
along from place to place in the water. 

461. Movements in Cells, or Cell-circulation, sometimes called Cy- 
elosis, has been detected in so many plants, especially in comparatively 




Fio. 488. Two individuals of an Oscillaria, magnified. 
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transparent aqnstic plants and in hairs on the surface of kud plants (where 
it is easiest to observe), that it maj be inferred to take place in all cells 
daring the most active part of their life. This motion is commonl; a 
streaniiag movement of tLreads of protophism, carrying 
along solid granules bj which the action may be ob- 
served and ttie rate measured, or in some cases it is a 
rotation of the whole protoplasmic contents of the cell 
A comparatively low maguifyiug power will show it in 
the cells of Nitella and Chara (whicl) are cryptogamous 
[ilaiits) ; and under a moderate power it is well seen in 
the Tape Grass of fresh water, Vallisneria, and in Naias 
flexilis (Fig. 489). Minute particles and la^er green- 
ish globules are seen to be carried along, as if in a cur- 
1 rent, arouud the cell, passing up one side, across the 
1, down the olbcr and across the bottom, completing 
y the circuit sometimes within a minute or less when welt 
warmed. To see it well in the cell, which like a striug 
oC beads form the hairs on the stamens of Spiderwort, 
tt bigb magnifying power is needed. 

463. Transfereuoe of Liquid from Cell to Cell, 
and so from place to place in the plant, the absorption 
of water by the rootlets, and the exhalation of tbe 
greater part of it from the foliage, — these and similar 

— — ^ps ^ operations are governed by the physical laws which 

'i^ B reguUte the diffusion of fluids, but are controlled by the 

f action of living protoplasm. Equally under vital control 

are the various ciiemical transformations which attend 

assimUation nnd growth, and which involve not only molecular movements 

but conveyance. Growth itself, which is the formation and shaping of 

new parts, implies the direction of internal activities to definite ends. 

463. Movements of Organs. The living protoplasm, in all but the 
lowest grade of plants, is enclosed and to common appearance isolated in 
separate cells, tlje walls of which can only in their earliest state be said to 
be alivB. Still plants are able to cause tlie protoplasm of adjacent cells 
to act in concert, and by their combined action to effect moveroento m 
roots, stems, or leaves, some of tliem very slow and gradual, some manifest 
and striking. Such movements are brought about through iudiridually 
minule changes in the form or tension in the protoplasm of the innumera- 
ble cells which make up the structure of the organ. Some of the slower 
movements are effected during growth, and may be explained by inequality 
of growth on the two sides of the bending organ. But the more rapid 
changes of position, and some of the slow ones, cannot be so explained. 
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464. Root-xnoyements. In its growth a root tarns or bends away 
from the light and toward the centre of the earth, so that in lengthening 
it bnries itself in the soil where it is to live and act. Every one must 
have observed this in the gerinination of seeds. Careful observations have 
sliown that the tip of a growing root also makes litile sweeps or short 
movements from side to side. By this means it more readily insinuates 
itself into yielding portions of the soil. The root-tips will also turn 
toward moisture, and so secure the most favorable positions in the soil. 

465. Stem-movements. The root end of the caulicle or first joint of 
stem (that below the cotyledons) acts like the root, in turning downward 
in germination (making a complete bend to do so if it happens to point 
upward as the seed lies iu the ground), while the other end turns or 
points skyward. These opposite positions are taken in complete dark- 
ness as readily as in the light, in dryness as much as in moisture : there 
fore, so far as these movements are physical, the two portions of the same 
mternode appear to be oppositely affected by gravitation or other in- 
fluences. 

466. Rising into the air, the stem and green shoots generally, while 
young and pliable, bend or direct themselves toward the light, or toward 
the stronger light when unequally illuminated; while roots turn toward the 
darkness. 

467. Many growing stems have also a movement of Nutation, that is, 
of nodding successively in different directions. This is brought about by 
a temporary increase of turgidity of the cells along one side, thus bowing 
the stem oyer to the opposite side ; and this line of turgescence travels 
round the shoot continually, from right to left or from left to right accord- 
ing to the species : thus the shoot bends to all points of the compass in 
succession. Commonly this nutation is slight or hardly observable. It is 
most marked in 

468. Twining Stems (Fig. 90). The growing upper end of such 
stems, as is familiar in the Hop, Pole Beans, and Morning-Glory, turns 
over in an inclined or horizontal direction, thus stretching out to reach a 
neighboring support, and by the continual change in the direction of the 
nodding, sweeps the whole circle, the sweeps being the longer as the stem 
lengthens. When it strikes against a support, such as a stem or branch of 
a neighboring plant, the motion is arrested at the contact, but continues 
at the growing apex beyond, and this apex is thus made to wind spirally 
around the supporting body. 

469. Leaf-movements are all but universal. The presentation by 
most leaves of their upper surface to the light, from whatever direction 
that may come, is an instance ; for when turned upside down they twist oi 
bend round on the stalk to recover this normal position. Leaves, and the 
leaflets of compound leaves, change this position at nightfall, or when the 
light is withdrawn ; they then take what is called their sleeping posture, 
resuming the diurnal position when daylight returns. This is very striking 
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in Loonst-trees, in tbe SensitiTe Plant (Tig. 490), and in Woodsonel. 
Young seedlings droop or close their leavea at night in plants which are 
not thus affected in the adult foliage. All this is thought to be a protec- 
tion against the cold bj nocturnal radiation. 

470. Various plants climb by a coiling moremetit of their leaves ortheii 
leaf-stalks. Familiar examples are seen in Clematia, Maurandia, Tropieo- 
lum, and iu a Sulanum which is much cultivated in greenhouses (Fig. 172). 
In the latter, and in other woody plants wliich climb in this way, tbe 
petioles thicken and harden after they have grasped their support, tbns 
scouring a very firm hold. 

471- Tendril moremetits. Tendrils are either leaves or stems (98, 
16S), specially developed for climbiug purposes. Cobeea Is a good exam- 
ple of partial traitsfurmation ; some of the leaSets are normal, some of the 
lame leaf are little tendrils, and some intermediate in character. Tbe 
Passion-flowers give good examples of simple stem-tendrils (Fig. 92); 
Qrape-Vines, of branched ones. Most tendrils make revolving sweeps, like 
those of twining stems. Those of some Passion-flowers, in sultry weather, 
are apt to move fast enough for tbe movement actually to be seen for a part 
of Ihe circuit, as plainly as tliat of the second-hand of a watch. Two 
herbaceous species, Fassiflora gracilis and P. sicyoides (the first an annual, 
the second a strong.rooted peiTimial of the pi 
cultivation), are admirable I'or illnalmtion both of 
revolving movements and ol' sciiailivp eoilin^. 

472. Movements under Irritation. The most 
familiar ease is that of tbe ^Lti-, I i\hP!uu1 (Fig 490) 
The leaves suddenly take iheir nocluiiial position 
when roughly touched or wlien shocked by a jar 
The leaflets close m pairs, Ilu fnur out'jpreid par- 
tial petioles come closer togellitr and Ihe c 
petiole IS depressed 
The seat of tbe u 
ments is at the b-ise of 
the leaf stalk and stalk- 
lets Sclirankia, a 
relative of the Sensitive 
Plant, acts ii 
way, but is slower. ' 
These are 

Ions actions, but only **" 

extreme manifestations of a faculty more or less common in foli^. In 
Locust and Honey-Locusts for example, repeated jars will slowly pro- 
duce similar etTects. 
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473. Jjeaf-st&lkB and tendrib are adapted to Uieir u! 



kind of irritation produced by contact with tbe aupportiug bodj. This 

mnj be shown b; geolle rubbing or prolonged pressure upon tbe upper 

bee of the le&f.stalk, which ia soon followed b; a curvature. Ten- 
: drils are still more sensitive to conlact or light frictioii. This causes the 
' free end of the tendril to coil round the support, and the seusittTeness, 

propagated downirard along the t«ndril, causes that side of it to become 

leas tuigesceot or the opposite side more so, thus throwing tbe tendril into 

coils. This Ghort^ning dravs the plant up to the support. Tendrils which 

have not laid hold will at length comtnonlj coil spontaneously, in a simple 

coil from the free apex downward 

In S cjos Bob nocjstis aud the 

above n ent onrd Pass on flowers 

(471) tbe tendr 1 a so sens 1 Te 

under a b gb snn mer ten pe ature 

that t will curve and cod p ompt- 

1; afte one o two 1 ght si kes 

by the hand 

iji Among spontaneous move- 
ments tl e most s ogular are tl oae 

of Deamod u gyrans of India 

somet mes call d Telegraph plant 

wh ch 3 cult vated do account of 

this act on Of ts three leaflets 

tbe large (terminal) one moves 

onl; bj droop ng at n ghtfall and 

rising w tl I e dawn But ts two 

small lateral leaflets when n a 

cODgenalhgl ten perature by day 

and by n gl t move upward and 

downward n a success on of jerks 

stopp ng occas onally as f to re 

cover from exhaust on In most 

plant movements some obv oasly I 

useful purpose s subserved th s *"! 

of Desmodium gyrans is a nddle. 
475. Movements in Flowers are very various. The most remarkable 

are in some way connected will] fertdization (Sect. Xlll.). Some occur 

under irritation the stamens of Barberry start forward when touched at 

the base inside those of many polyatidrous dowers (of Sparmannia very 

strikingly) spread outwardly when lightly brushed : the two lips or lobes 
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of the Btigmft in Mimulus close after a touch. Some are automatic and 
are connected witli dicbogamv (iJUS) : llie stjie of Sabbatia and of large- 
flowered speciesofEpitublum bends uver strong)}' to one side or turns down- 
ward when the blossom opens, bill slowly erects itself a day or two later. 

476. Extraordinary Morenieata nomieoteii with Capture of In- 
sects. Tbe mosl strikiog cases are tUose of Drnsera and Dioneea; for an 
account of wliioh see "How Plants Bebave," and Go odale's " Physiological 
Botany." 

477. The upper face of tbe leaves of the common species of Drosera, 
or Sundew, is beset witU st«ut bristles, having a glandular tip. Thb tip 
accretes a drop of a clear but very viscid liquid, which glistens like a dew- 
drop in the sun; whence tbe po^iular name. When a Qy or other small 
insect, attracted by the liquid, alights upon the leaf, the viscid drops are so 

IS that they hold it fast. Id struggling it only becomes more com- 
pletely entangled. Now tbe neighboring hris- 
ties, rtliicli have not been touched, slowly bend 
inwaril Irom all sides toward the captured in- 
sect, and bring their sticky apex against its 
body, l1iu3 increasing the number of bonds. 
MoiTovcr,thehladeof the leaf commonly aids 
in the c^ptare by becoming concave, its sides 
or edges turning inward, which brings still 
re of the gland-tipped bristles into contact 
witli the captive's body. The insect per- 
isUcK; (be clear liquid disappears, apparently 
by absorption into the 'tissue of 
tbe leaf. It is thonght that tlie 
absorbed secretion takes with it 
some of the juices of the insect 
or the products of its decompo- 
sition. 

47S. Dioneea muscipula, the 
most remarkable vegetable fly-trap 
(Fig. 176, 492), U :-eIated to the 
Sundews, and has a more special 
and active apparatus for fly- 
catcliing, formed of the summit 
of the leaf. Tbe two halves of this rounded body move as if they were 
hinged upon tbe midrib ; their edges are fringed with spiny but not 
glandular bristles, which interlock when the organ closes. Upon the face 
are two or three short and delicate bristles, which are sensitive. They do 
not tliemselvea move when touched, but they propagate the aeusitiveaess to 
tbe organ itself, CRusing it to close with a quick movement. In a fresh 

FiQ 4B2. Plant of Dioniea niu9cipi>la, or Venus'" Fly-trap, reduiMd in stza. 
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and vigorous leaf, under a high summer temperature, and when the trap 
lies widely open, a toucti of any one of the minute bristles on the face, by 
the finger or any extraneous body, springs the trap (so to say), and it 
closes suddenly; but after an hour or so it opens again. When a fly or 
other small insect alights on the trap, it closes in the same manner, and so 
quickly that the intercrossing marginal bristles obstruct the egress of the 
insect, unless it be a small one and not worth taking. Afterwards and 
more slowly it completely closes, and presses down upon the prey ; then 
some hidden glands pour out a glairy liquid, which dissolves out the juices 
of the insect's body ; next all is re-absorbed into the plant, and the trap 
opens to repeat the operation. But the same leaf perhaps never captures 
more than two or three insects. It ages instead, becomes more rigid and 
motionless, or decays away. 

4*79. That some few plants should thus take animal food will appear 
less surprising when it is considered that hosts of plants of the lower gn^de, 
known as Fungi, moulds, rusts, ferments. Bacteria, etc., live upon animal 
or other organized matter, either decaying or living. That plants should 
execute movements in order to accomplish the ends of their existence is 
less surprising now when it is known that the living substance of plants 
and animals is essentially the same ; that the beings of both kingdoms par- 
take of a common life, to which, as they rise in the scale, other and higher 
endowments are successively superadded. 

480. Work uses up material and energy in plants as well as in ani- 
mals. The latter live and work by the consumption and decomposition 
of that which plants have assimilated into organizable matter through an 
energy derived from the sun, and which is, so to say, stored up in the as- 
similated products. In every internal action, as well as in every movement 
and exertion, some portion of this assimilated matter is transformed and 
of its stored energy expended. The steam-engine is an organism for con- 
verting the sun*s radiant energy, stored up by plants in the fuel, into me- 
chanical work. An animal is an engine fed by vegetable fuel in the same 
or other forms, from the same source, by the decomposition of which it 
also does mechanical work. The plant is the producer of food and accumu- 
lator of solar energy or force. But the plant, like the animal, is a con- 
sumer whenever and by so much as it does any work except its great work 
of assimilation. Every internal change and movement, every transfornut- 
tion, such as that of starch into sugar and of sugar into cell- walls, as well 
as every movement of parts which becomes externally visible, is done at 
the expense of a certain amount of its assimilated matter and of its stored 
energy ; that is, by the decomposition or combustion of sugar or some such 
product into carbonic acid and water, which is given back to the air, just 
as in the animal it is given back to the air in respiration. So the respira- 
tion of plants is as real and as essential as that of animals. But what plants 
consume or decompose in their life and action is of insignificant amount in 
comparison with what they compose 
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Sectiom XVn. CBTPTOGAMOUS OB FLOWERLESS 

PLANTS. 

481. Even the beginner in botany should have some general idea of 
what cryptogamoas plants are, and what are the obvious distinctions of the 
principal families. Although the lower grades are difficult, and need special 
books and good microscopes for their study, the higher orders, such as 
Ferns, may be determined almost as readily as phanerogamous plants. 

482. Linnffius gave to this lower grade of plants the name of Crypto- 
gamia^ thereby indicating that their organs answering to stamens and 
pistils, if they had any, were recondite and unknown. There is no valid 
reason why this long-familiar name should not be kept up, along with the 
counterpart one of Phanerogamia (6), although organs analogous to stamens 
and pistil, or rather to pollen and ovule, have been discovered in all the 
higher and most of the lower grades of this series of plants. So also 
the English synonymous name of Flowerless Plants is both good and con- 
venient : for they have not flowers in the proper sense. The essentials of 
flowers are stamens and pistils, giving rise to seeds, and the essential of a 
seed is an embryo (8). Cryptogamous or Flowerless plants are propagated 
by Spores; and a spore is not an embryo-plantlet, but mostly a single 
plantKxell (399). 

483. Vascular CryptogEuns, which compose the higher orders of this 
series of plants, have stems and (usually) leaves, coustructed upon the 
general plan of ordinary plants ; that is, they have wood (wood-cells and 
vessels, 408) in the stem and leaves, in the latter as a frame work of veins. 
But the lower grades, having only the more elementary cellular structure, 
are called Cellular Cryptogams, Far the larger number of the former are 
Ferns : wherefore that class has been called 

484. Pteridophyta, Pteridophytes in English form, meaning Fern> 
plants, — that is, Ferns and their relatives. They ai-e mainly Horsetails, 
Ferns, Club-Mosses, and various aquatics which have been called Hydrop- 
ierideSy i. e. Water-Ferns. 

485. HorsetaUs, Equisetacea, is the name of a family which consists 
only (among now-living plants) of EquUstum, the botanical name of Horse- 
tail and Scouring Rush. They have hollow stems, with partitions at the 
nodes; the leaves consist only of a whorl of scales at each node, these 
coalescent into a sheath : from the axils of these leaf-scales, in many species, 
branches grow out, which are similar to the stem but on a much smaller 
scale, close-jointed, and with the tips of the leaves more apparent. At the 
apex of the stem appears the fructification, as it is called for lack of a bettei 
term, in the form of a short spike or head. This consists of a good num. 
ber of stalked shields, bearing on their inner or under face several wedge- 
shaped spore-cases. The spore-cases when they ripen open down the innef 
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(We and dischw^ a great nnmbe f green pores f a izo Urge en ogh 
to be well seen b; a hand-glasa. The pore ateaddmthirdi hage 




and dissemination by four club-ah ped thread tta h d t 
These are hjgrometric : wLen m ist tb roll d 

ap over tbe spore ; wlien dry tb y traigbte 
aad eibibit llvel; movements, I g ilj 

spore wben breathed upon, and II g promptl 
a moment after aa tbej dry. (Se F g 49^-4^3 
ii6. Ferns, or Filioes, a mo t tra t f m 1 
iif plants, are very numerous and n d I wa id 



and equable climates some rise t 
with habit of Palma ; but most f tl 
nial berba. The wood of a Fero t 
ferent, however, fiora that of a p Im 
section is represented in Fig. 500 




F:o. 409. Upper part of a stem of a Horaetail, Equisetum »ylvaticam. 194. Part 
of the head or apike ot apore-caiiea, with some of the latter taken off. 495. Vie* 
(more enlarged) of under aide of the shield-shaped borty, bearing a circle of spore- 
cages. 496. One of the latter detached and more magnified. 497. A spore with 
the attached arraa moistened. 49S. Same when dry, the arms eitendeil. 

Fia. 4B9. A Tree-Fi:m, Dicksoiiia arborescens, with a youTiR one near its base. 
tn front a common herbact^oua Fem (Polypodlum vnlgare} with its creeping steir 
or iDOtatnck. 

Fio. SOO. A section of the trunk of a Tree-Fem. 
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miuBte upward in a leaf-atalk. The subterrunean trunk or stem of &□; 
■trong-growiu^ herbaceons Fern ahows a similar structure. Most Ferns 
are rarcinate in the bud ; that ia, are rolled up in the manner shown in Fig. 
197> Uncoiling aa thej grow, thej liave Bome likeness to a crosier. 

487. The fructification of Ferua is bome on the back or under side of 
Urn leavp- The earl; botanista thought this such a peculiarity that the; 




alwajs called a Fern-leaf a Fb.ohi), and its petiole a Stifb. Usage con- 
tinues tliese terms, although they are Enperfluous. Tlie fruit of Ferns 
consists of Spohe-cases, technically SpoRtuGii, which grow out of the 
veins of the leaf. Souieliuies these are distributed over the wbole lower 



Flo. SOI. The Wulklng-Pem, Camptosorua, I'ectuced In eize, Growing Its fniit- 
dota on the veins approximated in paira. ¥12. A small piece (pinnule) of a 
8lii«lil-Femi a row ol frait-dots on eacU sUU of the miilrib, each covered by ita 
kidney-shaped indusium. 603. A apore-caae from the latter, just burstiug by the 
partij atraighlening of the Incomplete ringi wtll magniQed. 604. Three of the 
Bporea of SD6, more magnified. GOS. Schizasa pusilla, a very small and simple- 
leaved Fern, drawn nearly of natural size. SD6. One of the lobes of ita fruit- 
bearing portion, magnified, bearing two rows of apore-cosea. 507. Spore-case of 
the latter, detacheil, opening lengtliw 
ipare-casea in h kind of spike: n, a porUon 
•iiei showing two rowa of the iirm apore-of 



503. Adiler-tongiifl, Ophjoglossuni: 
n of the fruiting part, about natural 
open transveraely into two 
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mrfaoe of the leaf or frond, or over the whole surface when there are no 
proper leaf-blades to the (road, but all is reduced to stalks. Common]; the 
spore^ases occupy ouly detached spots or lines, each of which is called a 
SoRUS, or in English merelj a Jruit-dot. Iq man; Ferns these fruit^ota 
are naked ; in others thej are produced under a scale-like bit of membrane, 
called an Indubiuk. In Maidenhair-Ferns a little lobe of tlie leaf is folded 
back over each fruit-dot, to serve as its shield or induaium. In the tme 
Brake or Bracken (Fteris) the whole edge of the fruit-bearing part of the 
leaf is folded back over it like a hem. 

488. The form and structure of the spore^ases can be made ont with 
a common hand mt^nifjijig gkss. The commonest kind (sliuwp in F^. 
603) lias a stalk formed of a row of jointed cells, and is itself composed 
of a layer of thio- walled celb, but is incompletely surrounded hj a border of 
thicker-walled cells, forming the RiXO. This eiteuda from the stalk up 
one side of the apore-cage, round its summit, descends ou the other side, 
but there gradmdlj vanishes. In ripening and drying the shrinking of the 
cells of the ring on the outer side causes it to straighten; in doing so It 
tears the apore-c^ise open on the weaker side and 
discharges the minute spores that fill it, com- 
monly with a jerk which scatters them to the 
wind. Another kind of spore-case (Fig. 607) 

is stalkless, and has its 
I riug-cells forming a kind 
' of cap at the top ; at ma- 

tnrity it splits from top 

to bottom b; a regular 

dehiscence. A third kind < 

is of firm texture and ^ 

opens across into two ^ 

valves, like a clam-shell > 

(Fig. 508") : this kind ^ 

makes an approach to the 

next family. 

489. The spores germi- 
nate on moistened gronnd- 

lu a conservatory they 

may be found germinating 
on a damp wall or on the edges of a well-watered flower-pot. Instead ol 
directly forming a fem-plantlet, the spore grows first into a body which 





Fia. B09. A young protliHllns of a Mdden-halr, moderately enlarged, and an 
older one with tlie first fern-leaf developed frem near the notch. 510. Middle por- 
tion of the young one, muoh maenified, showing below, partly among the rootlets, 
the (odheridia or fertilizing organs, and above, near the notch, three puttilidia 
to be fertiliied. 
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closelj resembles a small Liverwort. This b named a, Peothallds (Fig, 
509) ; from some point of this a bud appears to originate, wbich prodncea 
the first fern-leaf, sood followed by a second and tliird, and so lie stem 
«nd leaves of the plant are set np> 

490. InvestigatioD <^ this prothaUos tinder the microscope resulted m 
the disooTarr of a wbollj unanspneted kind of fertiliEatioa, taking place at 




tills germinating stage of the plant. On the under side of the prothalliis 
two kinds of organs appear (Fig. 510). One may be likened to an open 
and depressed ovule, witli a single cell at bottom answering to nuclens ; 
the other, to an anther; but instead of pollen, it discharges corkscrew- 
shaped microscopic filaments, which bear some cilia of extreme tenuity, by 
the rapid vibration of which the filaments move freely over h wet surface. 
These fihiments travel over the surface of the protliallua, and even to other 
prothalli (for there are natural hybrid Ferns), reach and enter the ovule- 

Via. Sll. Ljrcopodlum Carol InianaTn, of nearly aatnral eize, BI2. lostde view 
of one of the bracts and spore-ciise, magnided. 

Fio. 613. OpsD 4-valv«d epore-CAse of a Selaginella, and Its fonr large sport* 
(maerospores), magnified. 614. Macrospores of another Selaginella. GIS. Same 
separated. 

Fio. Slfl. Plant of laoetes. 517. Base of a leaf and contained eporocorp filled 
with microspores cot across, msgnlfied, 618. Same divlde;l lengthndBe, eqnallj 
magnified ; some microapores open at the left. SIO. Section urn spore-caSB contdn- 
ing niacrosporea, sqaully niaguiliedi at the rtght three niacroepores more magnified 
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like cavities, and fertilize tlie cell. This thereupon sets np & growth, fomu 
ft vegetable bud, and so develops the new plant. 

491. Ad esseotiall; similu process of fertilization has been discovered 
in the preceding and the following families of Pteridophjtes ; but it is 
mostlj subterraneitD and very difGcult to observe. 

193. Olnb-Mossee or Lyoopodlums. Some of the common kinds, 
called Ground Fine, are faniiliar, beicg Ih:^j used for Christmaa wreaths 
and other decoration. Thej are low evergreens, some creeping, all with 
considerable wood in their stems : this tliicklj beset with small leaves. In 
the axils of son:e of these leaves, or more commonly, in the axils of peen- 
liar leaves changed into bracts (as in Fig. 511, 613) spore-cases appear, as 
roundish or kidney-shaped bodies, of firm teitura, opening round the top 
into two valves, and discharging a great quantity of a very fine yellow 
powder, the spores, 

493. The Selaginellns have been separated from Lycopodium, which 
tbej much resemble, because they produce two kinds of spores, iu sepft- 
late spore■^!asBa. One kind (Micbosfoaes) is just that of Lycopodium ; 
the other consists of only 

tbnr large spores (MaCEO- 
SFOKES), in B spore-case 
wliicli usually breaks iu 
pieces at maturity (Fig. 
Sia-61B). 

494. The QnillwOTtS, 
Isoot«a (Fig. 616-619), 
are very unlike Club Mos- 
ses in a.'<pect, but have been , 
aasooiflfed with them. Tbey 
look more like Rushes, and 
live in water, or partly out 
of it. A very short stem, 
like a corm, bears a cluster 
of roots underneath ; above 
it is covered by the broad 
bases of a duster of awl- 
shaped or thread-shaped 
leaves. Tlie spore^caaes 

are immersed in the bases _ 

of the leaves. The outer 

leaf-bases contain numerous macrospores ; the inner are filled with innu- 
merable microspores , 

495. The Pillworts (^Marsilia and Pilularia) are low aquatics, which 




>t the right a pair ol 



IG2 CRYPTOOAMOUS OR FL0WEKLE8S PLANTS. [SECITON i'l 

betx globular or pill-shaped frait (Sforocakps) tm the lower part of &eu 
leaf-stalks or on their sleader creeping slems. The leaves of tbe commonei 
apeciea of Margilia might be taken for four-leaved Clover. (See Fig. 520.) 
The sporocarps are usually raised on a short stalk. Within they are 
divided lengthwise by a partition, and then crosswise by several partitions. 
These partitions bear numerous delicate sacs or spore-cases of twa kinds, 
intennixed. The larger ones contain each a large spore, or macrOBpare) 
the smaller contain numerous microspores. Immersed In mncilage. At 
maturity the fruit bursts or splits open at top, and the two ktnda of spores 
are discharged. The large ones in germination produce a small prothallua ; 
upon which the contents of the microspores act in the same way as in 
Ferns, and with a similar result. 

496. Azolla is a little floating plant, looking like a small Liverwort oi 
Moss. Its braaches are covered with minute and scale-sbaped leaves. 
On the under side of the branches are found egg-sbaped thin-walled sporo- 
carps of two kinds. The small ones open across and dischai^ miei*. 
spores ; the larger burst irregnlarlj, and bring to view globose spore-cases, 
attached to the bottom of ibe sporocarp by a slender stalk. Tliese delicate 
spore-cases burst and set free about four macrospores, which are ferti. 
lized at germination, in tbe manner of the Pillworts and Qulllworta. 
(See Fig. 531-526.) 




497 Oellnlar Cryptogams (4S3) are so called because composea 
even in their higher forms of cellular tissue only without proper wood 
cells or vessels Many of the lower kinds are mere plates or nbbons 
or simple rows of cells or even single cells But their highest orders 
follow the plan of Ferns and phanerogamous pUnb m having stem and 
leaves for iheir upward growth and commonly roots, or at least rootlets, 

Fia 621 Small plant of Azolla Caroliniana 5''2. Portion niBgnifiod showing 
the two kinda of aporocarp the amall ones eontain 
B magnifial 52i The lai^er spornoarp n 



more mxgniflad und burst open shoving atathed spore i 
latter highly raagnifial one of them bursting ahowa foui 
tatween ths two three of these aporna highl; magniOed 



magnitied S25 Same 
ISGB. S20 Two of tht 
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to attach them to the soil, or to trunks, or to other bodies on which they 
grow. Plants of this grade are chiefly Mosses. So as a whole they take 
the name of 

498. Bryophyta, Bryophytes in English form, Bryum being the 
Greek name of a Moss. These plants are of two principal kinds : true 
Mosses {Muscif which is their Latin name in the plural) ; and Hepatic 
Mosses, or Liverworts {Hepaticts). 

499. Mosses or MiisoL The pale Peat-mosses (species of Sphagnum, 
the principal component of sphagnous bogs) and the strong-growing Hair* 
cap Moss (Polytrichum) are among the lar» 
ger and commoner representatives of this 
numerous family ; while Fountain Moss (Fon- 
tinalis) in running water sometimes attains the 
length of a yard or more. On the other hand, 
some are barely individually distinguishable 
to the naked eye. Fig. 52? represents a com* 
mon little Moss, enlarged to about twelve 
times its natural size ; and by its side is part 
of a leaf, much magnified, showing that it is 
composed of cellular tissue (parenchyma-cells) 
only. The leaves of Mosses are always sim- 
ple, distinct, and sessile on the stem. The 
fructification is an urn-shaped sporo-case, in 
this as in most cases raised on a slender stalk. 
The spore-case loosely bears on its summit 
a thin and pointed cap, like a candle-extin- 
guisher, called a Calyptra. Detaching this, it 
is found that the spore-case is like a pyxis 
(376), that is, the top at maturity comes off 
as a lid {Operculum) ; and that the interior is 
filled with a green powder, the spores, which 
are discharged through the open mouth. In vt^A'a^avj 
most Mosses there is a fringe of one or two ^ tA/i.lTOr.nOfv? 
rows of teeth or membrane around this mouth ^ ^^ 
or orifice, the 'Periston e. When moist the peristome closes hygrometri- 
cally over the orifice more or less; when drier the teeth or processes 
commonly bend outward or recurve ; and then the spores more readily es- 
cape. In Hair-cap Moss a membrane is stretched quite across the mouth, 
like a drum-head, retaining the spores until this wears away. See Figures 
527-541 for details. 

500. Fertilization in Mosses is by the analogues of stamens and pistils, 
which are hidden in the axils of leaves, or in the cluster of leaves at the 




Fia 527. Single plant of Physcomitrium pyriforme, magnified. 528. Top of » 
leat cnt across; it consists of a siD^le layer of cella. 
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end of the stem. The analogae of the anther {Aatheridium) \a a ceUitkl 
sac, vhich in hurstdng diachargea ianumerable delicate tells floating in b 
mucilapnons liquid; each of these bursts and sets free a vibretile self- 




mo?mg thread. These threads, one or more, reach tlie orifice of the pistil- 
shaped bod;, tbe PUHllidium, and act upon a particular cell at its base 
withia This cell in its groirlh develops into the spore-case and its stalk 
(when there is an;}, carrying on its summit the wall of the pislillidium, 
which becomes the caljptra. 

GOl. LlTorworts or Hepatlo Mosses [Ttepalica) iti some kinds re- 
semble true Mosses, having distinct slena and leaves, although their leaves 
occasionally run together ; while in others there is no distinction of stem 
and leaf, but the whole plant is a leaf-like body, which produces rootlets on 
the lower face and its fnictiHcution on tlic upper. Tbose of the moss-hke 
kind (sometimes calltd Scalc-Moascs) have their tender spore-cases splitting 
into four yalvcs; and with their spores are intermised some slender spiral 



Fia.6t 



, Mnlam cufipid 



mailer thi 



:. 630. tt.q cnlyptra, detached, 

roasiiiee.1, the lid (632) being 

t of a cellular ring (onnuJiu) 

peristDme, more magniSed. 534. Some 

inslsling of jointed teeth) much magni- 

(tlie so-called flower] at eud of a stem 



enlarged. 531. Its Bpore-case, with top oi 
detached, the outer peristome appears. S 
which was nnder the lid, outside of the p 
of the outer aud of the inner pariBtomo (coi 
Bed. 635. Antheridia and a pistiilidiu 

of same plant, tbe leaves torn away (j, antheridia, ?, pistillidium), minified. 
S30. A bursting aDtheridium, and some of the accompanying jointed threads, 
highly magnified. 637. Summit of an open spore-case of a Moss, which has 
a peristome of 16 paire of teeth. 638. The double peristome of a BypDDm. 
G39-5il. Spore-case, detached calyptra, and top of more enlarged spore-coM 
and detached lid, of Physcomitrinal pyriforme (Fig. 627) : orifice showi that then 
Is DO peristome. 
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nod verj hygrometric tbreads (called Elalers) which are thought to ud in 
the dispersiou of the spores. (F[g. 512-544.) 

503. Marohaatia, tlie cummuQest and largest of tbe trae Liverworts, 
forms large green pUtes or fronds on damp and shad; ground, and sends up 
from some part of the upper face a stout stalk, ending in a sereral-lobed 
Qmhrella-sliaped bod;, uuder the lobes of which bang several thin-valled 
spore-cases, which burst open and discharge spores and elaters. Riccia 
natans (Fig. 645) consists of wedge-shaped or heart-shaped fronds, which 
float free in pools of still water. The under face beara copious rootlets ; in 
e of the upper face are the spore-cases, their pointed tips 




merely projecting: there the; burst open, aud discbarge their spores. 
These are comparatively few aud large, and are in fours; bo they are very 
like tbe macrospores of Pillworis or Quillworts. 

503. Thallophyta, or Thallophytesiu English form. This la the name 
for the lower class of Cellular Cryptogams, — plants in wbich there is no 
marked distinction Into root, stem, and leaves. Roots in any proper sense 
they never liave, aa organs for absorbing, although some of the lai^r 
Seaweeds (such as the Sea Colander, Fig. 553) have them aa boidfnsts. 
Instead of axis and foliage, there is a stratum of frond, in such plants 
commonlj called a Thallus (by a strained use of a Greek and Latin word 
which means a green ahoot or bough), which may have any kind of form, 
leaf-like, stem-like, branchy, extended to a flat plate, or gathered into & 
sphere, or drawn out into threads, or reduced to a single row of cells, or 
even reduced tc single cells. Indeed, Tliallophytes are so multifarious, so 
numerous in kinds, so protean in their stages aud transformations, so re- 
condite In their frucliflcation, and many so microscopic in size, eitber of 

Fia. 642. FractiBcation of a Jnngermaania, magnified; its cetluUr spore-stalk, 
surrounded at 1}sse bj some of the leaves, at summit the 4-vatved Epore-caee open- 
ing, discharging spores and elaters. 543. Two elaters and some spores from tbe 
lune, highly magnified. 

Fig. 644. One of the fiondose Liverworts, Steetzln, otheiwis^ like a Junicer 
jt ;et pro'Tuded from its shesUk. 
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the plant itself or its essential organs, that they have to be elaborately 
described in separate books and made subjects of special study. 

504!. Nevertheless, it may be well to try to give some general idea of 
what Alg8B and Lichens and Fungi are. Linnsus had them all under the 
orders of Algs and Fungi. Afterwards the Lichens were separated; but 

64£ M0 647 




of late it has been made most probable that a Lichen consists of an Alga 
and a Fungus conjoined. At least it must be so in some of the ambiguous 
forms. Botanists are in the way of bringing out new classifications of the 
Thailophytes, as they come to understand their structure and relations 
better. Here, it need only be said that 

605. Lichens live in the air, that is, on the ground, or on rocks, trunks, 
walls, and the like, and grow when moistened by rains. They assimilate air, 
water, and some earthy matter, just as do ordinary plants. Algae, or Sea- 




t»6G 



551 



562 



weeds, live in water, and live the same kind of life as do ordinary plants. 
FuDgi, whatever medium they inhabit, live as animals do, upon organic mat- 
ter, — upon what other plants have assimilated, or upon the products of 



Fio. 545, 546. Two plants of Riccia natans, about natural size. 547. Magnified 
section of a part of the frond, showing two immersed spore-cases, and one emptied 
space. 548. Magnified section of a spore-case with some spores. 549. Magni- 
fied spore-case torn out, and spores; one figure of the spores united; the other of 
the four separated. 

Pio. 550. Branch of a Ohara, about natural size. 551. A fhiiting portion, 
magnified, showing the structure; a sporocarp, and an antheridium. 552. Outlines 
of a portion of the stem in section, showing the central cell and the outer or 
cortical ceU» 
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thrar de<!ay. Trae u these geaeral distmctioiu are, it is no less tme tkit 
these orders run bother in their lowest forms ; and that AIgn and Fungi 
may be traced down into forms so low and simple that no clear line can be 
drawn between them ; and even into forms of which it is uncertain whether 
thej should be called plants or animab. It b as well to say that the; are 
not high enough in rank to be distinctiTelj either the oue or the other. Oa 
the other hand there is a peculiar group of phints, which in simplicity of 
SompositioD resemble the simpler Algee, while in fructification and in the 
urangemeuts of their simple cells Into stem and branches they seem to be 
of a h^her order, viz. : — 

506. Obamoeee. These are aquatic herbs, of considerable size, abound- 
ing in ponds. The simpler kinds (Nitella) have the stem formed of a 
single row of tubular cells, and at the nodes, or junction of the cells, a 
i7borl of fdrailar branches. Chara (Fig 5GO-353) is the same except that 
the cells which make up the stem and the principal branches are strength 
1 by a coating of many smaller tubular ceIN applied to the sni^e 
of the main or central cell The fmctiS 
cation consists of a globular sporocarp 
of considerable size, which is epirallj 




enwrapped b; tubular cells twisted around it : by the side of this is a 
smaller and gbbular aotheridinm. The latter breaks up into eight shield- 

Fia 663. Agarom Turaeri, Sea Colander (so called from the perforation! with 
which the ^nd, aa it grows, becomes riddled) j very mnch reduced in size. 

Flo. 6M. Upper end of a Rockwsed, Fucna Testcalosns, reduced half or mora. 
b, the fmutUication. 
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shaped pieces, with sn ialemal stalk, and bearing long and ribbon tdiaped 
filaments, which consist of a row of delicate cells, each of which dis- 
ohargea a free-moviug microscopic thread (the analogue of the pollen or 
poUen-tube), nearlj in the manner uf Ferns and Mosses. Oae of these 
threads reaches and fertilises a cell at the apex of the nucleua or SoUd 
bod; of the sporocarp. Tliia subsequently germiuates and foima a new 
indiridual. 

507. Aigea or Seaweeds. The proper Seaweeds may be studied by 
the aid of Professor Farlow'a "Marine AJgte of New England;" the 




h-water species, by Prof. H. C. Woods's "Fresh-water Alg* of North 
America," a larger and less accessihle volume, A few common forms are 
here very briefly mentioned and iflustrated, to give an idea of the family. 
But tliey are of almost endless diversity. 

508. The comtnou Rockweed (Fucus vesiculosua, Fig. 554, abounding 
between high and low water mark on the coast), the rarer Sea CoUnder 
(Agarum Tumeri, Fig. 533), and Laminaria, of which the larger forms 
are called Devil's Aprons, are good representatives of the olive green or 
brownish Seaweeda. They are attached either by a disk-like base or bj 
root-like holdfasts to the rocks or stones on which they grow. 

G09. The hollow and iuflated pkces in the Fucus vesiculosus or Bock- 
weed (Fig. 551) are air.hladders for buoyancy. The fructification forms 
in the sabstauce of the tips of the frond : the rough dots mark the places 
where the conceptaclcs open. The spores and the fertilizing cells are in 
different plants. Sections of the two kinds of conceptacles are given in F^. 
555 and 656. The contents of the conceptacles are discharged thnn^ 

Fta. 66G. Hagnlfieil section through a fertile coDcaptacle of Rockweed, showing 
the large aporea in the midst of threads of cells. 556. Similar sectioa of a sterUt 
COncsptBcte, coataioing slender aatheridia. From Fu-lon's " MiLriD« Alffs of Sm 
Bnglaad." 
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a amaC orifice vhich in each figure is at the mni^a of tlie page. Thu Urge 
Bpores are formed eiglit toother in a oiother-celL Tlie miunte motile 
filameuts of the antheiidia fertilize the \aTge spores after injection into the 
water: and then tbe latter promptly acquire u cell- vail and germinate. 

610. The rioride» or Rose-red series of marine AlgK (whicli, howevef, 
aie Bometimes green or brownish) are tlie most attractive to aomteurs. 
The delicate Purpliyra orLaver is in some countries eaten as udelicacjf, and 
the caclikginous Cliondrua crispua has 
been largeij used for jell;. Besides theit 
conceptacles, wliicb contain true spores 
(Fig. 660), tbe; mosll; have a frnctiS- 
cation in Tetraipores, tliat ia, of spores 
originating in fours (Fig. G69)< 





611. The Grass-green Alg» sometimea form broad membranous frooda, 
sucb as those of the common Ulva of the sea-shore, but most of them form 




mere threads, either simple or branched. To this division belong almost 

Fio. B67. Small plant of Chondrm crispns, or Carrageen Mobs reduced in 
liia. In ftnltt tbe spots represent the fmctificatton, consisting of nnmeTOUS tetra 
spores in hunches in tbe substance ot the plant. 658. Section tbrough the thickness 
of one of the lobes, magnified, passing throngh two of the imbedded froit-elusters. 
659. Two of its tetraspores {spores in fonrs), hiahly magnified. 

FlO. 660. Section through a conceptacle of Delesseria Leprieurei, much magni. 
fled, showing the spores, which are single specialized cells, two or three in a row. 

FlO. 661. A piece of the rose-r»l Delesseria Lepreiurei, double natural size. 
B62. A piece cnt out and much mngniHed, showing that it is composed of a layer 
of cells. 563. A few of the cells more bighl; magnified: the cells ore gelatinoni 
■nd thick- walled. 
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ill the Fresh-water Alg», aaoh u those which oonstitnte the silky Qatadi 
or green slime of running streftma or afanding pools, and wiiieh were all 
called ConfervHs before their immense diversity was known. Some an 
formed of a single rew of cells, developed each from tije end of another. 
Olhera branch the top of one cell producing more than one new one 
(Fig S64) Otbers, of a kind which is vtrj common 
in fresh water, simple threads made of a line of cells, 
have ilie chlorophyll and protoplasm of each cell ar- 
rai^d in spiral Unea or bauda. 
They form spores in a peculiar 
way, which gives to this family the 
designation of conjugating Alga-, 

61S. At a certain time two par- 
allel threads approach each other 
more closely; contiguous parts trf 





a cell of each thread bulge or grow out, and unite when they meet; the 
cell wall partit ons between them are absorbed so as to open a free commn' 
n cat on the ap ral band of green natter in both cells breaks up ; iJie whole 
of that of one cell passes over ml« the other; and of the united contents 
a Urge green spore is formed. Soon the old cells decay, and the spore 

Tia. G6i. The growing end of a, branching Conferva (Clodophora glomeratt), 
much msgnifieil ; showing how, by a kind of budding growth, a new ceU ia formed 
b;a cross partition SFporatliig the newer tip from the older part below; also, how 
the branches nrise. 

Fto. G65. Two mngnided individuals of a Spirogvrs, forming epores by con- 
Jugatton; a completed epore at base : above, successive stages of the coqjugstion 
are represented. 

Fio. G66. Cloeterium acntnm, a common Desmirl, moderately magnified. It 1> 
a single firm-walled cell, filled with green protoplnsmie matter. 

Fio. 667. More magnified view of three slafea of the coitjugaUon of a pair of 
the samev 
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Mt free is read; to genmnafe. Fig. 665 represmta sererfd stages of the 
conjugatmg process, whicb, however, vould never be found all together like 
this ia one pair oF breads. 

613. Desmids and Diatomes, Thicb are roicroseopic one'Celled plants of 
the same class, conjugate in the same vaj, as is shown in a Closterium b] 
Fig. 666, 567. Here the whole living contents of two individuals are in- 
corporated into one spove, for a fresh start. A reproduction whicli costs 
the life of two individnala to m^e a single new one would be fatal to the 
species if there were not a provision for multiplication b; the prompt divi< 
sion of the new-formed individual into two, and these again iuto two, and 
BO on in geometrical ratio. And the costi; process would be meaningless 
if there were not some real advantage in such a fresh start, that is, in 




614. Tliere are other Algse of the grass-green series which consist ol 
tingle cells, but which \>j continued growth fnnn plants of considerable 
size. Three kinds of these are represented in Fig. 568-57*. 

616. Llohens, Latin Lickenes, are to be studied in the works of the 
late ProfoBSor Tuckermau, but a popular eipositiun is greatly needed. 
Tbe subjoined illustrntioos (Fig. 575-580) maj simplj indicate what some 
of the commoner forms are like. The cup, or shield-shaped spot, or knob, 
which bears the fructification is named the Apotheeium. This is mainlj 



Fia.66S. Earif stogeofiKpedeaarBotrymuiii.aglDbaaecell. 569,570. Stages 
of growth. 571. Full- grown plant, Bitanded and ramified below in a root-like 
way. E72. A Vnucberia; single cell grown on into a much-branched thread; the 
and of fiome branches enlarging, and the green contents in one (n) there condensAd 
Into a spore. 573. More magnified view of a, and the mature spore escaping. 
G74. BrfopslB plnmosa; apex of a stem with its branchlets; aU 
one celL Variooslf magnified. 
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oomposed of slender sac« (J»ct), having thread-sbaped cells iatermixed ; 
and each ascns contjuns Few or several spores, which are commoDly double 
or treble. Most Lichens are flat expansiona of giajiab hue ; some oE tliem 
foliaceons in (eitare, but never of bright green color; more are craata- 
ceons; some are whollj pulverulent and nearly formless. But in several 
the vegetation lengthena into an ails (as in Fig. 680), or imitatea stem 




and branches or threads as m the ReindFe>Moss on the grooud m oat 
northern woods, and the tJsnea hanging from the twugbs of old trees 
overhead 

516 Fimgi. Tor Ibis immense and grentlr diversified class, it mnsl 
here suffice to indicate the parts of a Musliroom a Sphtena and of one or 
two ommon Moulds. The true vegefnlion of common Fungi consists of 
slender cells which form wliat is called a Mgceliua. These filamentous 



Fio. 575. A stone on which various Lichens are gi'owiiig, euch ae (passing from 
left to right) a ParmelU, a Sticta, and on the right, Ijeciijia geographica, so called 
from its patches resembling the ontline of ieUnds or continenCs as depicted upon 
maps. &7fl. Piece of thalhis of Pamielia conspersa, with section through an 
apothecinm. 677. Section of a smaller apothecium, enlarged. 578. Two awn 
of same, and contained spores, and accompanying lllamenbi; more magniHed. 
679, Piece of thallnii of a Sticta, witli section, showing the immersed apothedal 
the small openings of these dot the sorfac^. 580. Cladonia cocdnea) ths fruotl- 
Scatdon la in the scarlet knobs, wbicb surround the cups. 
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cells lengtben and brench, growiog b; the absorptioiL tbrongh tbeii whole 
sar&ce of the decaying, or organizable, or liviug natter which the; feed 
npOD. Iq a Mushroom (Agaricus), a knobby mass is at length fonned, 
which develops into a stout stalk (Stijie), bearing the cap [Piletu) : the 
under side of the cap is covered bj the Hgrnetaum, in this genua consiating 
of radiating plates, the gills or Luiaeila; mid these bear the powderj spores 
in immense numbers. Under the microscope, the gills are foond to be 
studded with projecting cells, each of which, at the top, produces foui 
stalked spores. These form tbe powder which collects on a sheet of papet 
upon which a mature Uushn:H:>m is allowed to rest for a da; or two. (Fig. 
681-586.) 

- 517. The esculeat Morel, also Sphteria (Fig. 5SS, 6S6), and man; other 
Fungi bear their spores in sacs (asoi) exactl; in the manner of Lichens 
(B16) 




B18. Of the Moulds, one of the commoner is the Bread Mould (Pig. 
687). In frniting it sends wp a slender stalk, which bears a gbbutar sax; ; 



e, t1ie r 



n edlbls 



Pio. E81. Agarlcas campestrie 
of cap and stalk. 683. Minute portion of a. section of a gill, stowing some epore- 
bwring cell*, much magnified. 68*. One ot thaae, with its fonr Bpotes, man 
tsognified. 

Fio. 686. Spheria rasella. 686. Two of the awl and contained dooWe iporw, 
Diiit« like tboae of a Lichen; much magnified. 
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this bursts at maturitj and discharges innumerable spores. The blue 
Cheese-Mould (Fig. 588) bears a cluster of branches at top, each of 
which is a row of naked spores, like a string of beads, all breaking apart 

at maturity. Botrytis 

ing stalk of which 
branches, and each 
branch is tipped with 
a spore, is one of the 
many moulds which 
live and feed upon the 
juices of other plants 
or of animals, and are 
often very destructive. 
The extremely nume- 
rous kinds of smut, rust, mildew, the ferments, bacteria, and the like, 
many of them very destructive to other vegetable and to animal life, are 
also low forms of the class of FungL* 




Fia 587. Ascophora, the Bread-Monld* 588. Aspeigillns glaucns, the mould 
of cheese, but common on mouldy vegetables. 589. A species of Botrytis. All 
magnified. 

1 The "Introduction to Cryptogamous Botany,** or third volume of "The Botan- 
ical Text Book,*' now in preparation by the author's colleague. Professor Farlow, 
will be the proper guide in the study of the FloweileM Plants, especnally of Mm 
41g» audi Fnnei 
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Section XVIIL CLASSIFICATION AND NOMENCLATURE. 

519. Classification, in botany, is tbe consideration of plants in respect 
to their kinds and relationships. Some system of Nomenclature, or nam- 
ing, is necessary for fixing and expressing botanical knowledge so as to 
make it available. The vast multiplicity of plants and the various degrees 
of their relationship imperatively require order and system, not only as to 
names for designating the kinds of plants, but also as to terms for defining 
their differences. Nomenclature is concerned with the names of plants. 
Terminology supplies names of organs or parts, and terms to designate 
their differences. 

§ 1. KINDS AND RELATIONSHIP. 

520. Plants and animals have two great peculiarities : 1st, they form 
themselves ; and 2d, they Multiply themselves. They reproduce their kind 
in a continued succession of 

521. Indiyiduals. Mineral things occur as masses, which are divisible 
into smaller and still smaller ones without alteration of properties. But 
organic things (vegetables and animals) exist as individual beings. Each 
owes its existence to a parent, and produces similar individuals in its turn. 
So each individual is a link of a chain; and to this chain the natural* 
historian applies the name of 

522. Species. All the descendants from the same stock therefore com- 
pose one species. And it was from our observing that the several sorts of 
plants or animals steadily reproduce themselves, or, in other words, keep 
up a succession of similar individuals, that the idea of species originated. 
There are few species, however, in which man has actually observed the 
succession for many generations. It could seldom be proved that all the 
White Pine trees or White Oaks of any forest came from the same stock. 
But observation having familiarized us with the general fact that indi- 
viduals proceeding from the same stock are essentially alike, we infer from 
their close resemblance that these similar individuals belong to the same 
species. That is, we infer it when the individuals are as much like each 
other as those are which we know, or confidently suppose, to have sprung 
from the same stock. 

523. Identity in species is inferred from close similarity in all essential 
respects, or whenever the differences, however considerable, are not known 
or reasonably supposed to have been originated in the course of time under 
changed conditions. No two individuals are exactly alike ; a tendency to 
variation pervades all living things. In cultivation, where variations are 
looked after and cared for, very striking differences come to light ; and if 
in wild nature they are less common or less conspicuous, it is partly be- 
cause they are uncared for. When such variant forms are pretty well 
marked they are called 
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524. Varieties. The White Oak, for example, presents two or three 
varieties in the shape of the leaves, although they may be all alike upon 
each particular tree. The question often arises, and it is often hard to 
answer, whether the difference in a particular case is that of a variety, or 
is specific. If the former, it may commonly be proved by finding such 
intermediate degrees of difference in various individuals as to show that 
no clear distinction can be drawn between them ; or else by observing the 
variety to vary back again in some of its offspring. The sorts of Apples, 
Pears, Potatoes, and the like, show that differences which are permanent 
in the individual, and continue unchanged through a long series of gen- 
erations when propagated by division (as by offsets, cuttings, grafts, 
bulbs, tubers, etc.), are not likely to be reproduced by seed. Still they 
sometimes are so, and perhaps always tend in that direction. For the 
fundamental law in organic nature is that offspring shall be like parent. 

Races are such strongly marked varieties, capable of coming true to 
seed. The different sorts of Wheat, Maize, Peas, Radishes, etc., are 
familiar examples. By selecting those individuals of a species which have 
developed or inherited any desirable peculiarity, keeping them from min- 
gling with their less promising brethren, and selecting again the most 
promising plants raised from their seeds, the cultivator may in a few 
generations render almost any variety transmissible by seed, so long as it b 
cared for and kept apart. In fact, this is the way the cultivated domesti- 
cated races, so useful to man, have been fixed and preserved. Races, in 
fact, can hardly, if at all, be said to exist independently of man. But 
man does not really produce them. Such peculiarities — often surprising 
enough — now and then originate, we know not how (the plant sports, as 
the gardeners say) ; they are only preserved, propagated, and generally 
further developed, by the cultivator's skilful care. If left alone, they are 
likely to dwindle and perish, or else revert to the original form of the 
species. Vegetable races are commonly annuals, which can be kept up 
only by seed, or herbs of which a succession of generations can be had 
every year or two, and so the education by selection be completed without 
great lapse of time. But all fruit-trees could probably be fixed into races 
in an equal number of generations. 

Bud-varieties are those which spring from buds instead of seed. 
They are uncommon to any marked extent. They are sometimes called 
Sports, but this name is equally applied to variations among seedlings. 

Cross-breeds, strictly so-called, are the variations which come from 
cross-fertilizing one variety of a species with another. 

Htbrids are the varieties, if they may be so called, which come from 
the crossing of species (331). Only nearly related species can be hybridized; 
and the resulting progeny is usually self-sterile, but not always. Hybrid 
plants, however, may often be fertilized and made prolific by the pollen 
of one or the other parent. This produces another kind of cross-breeds. 

625. Species are the units in classification Varieties, although of 
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utmost importance in cultivation and of considerable consequence in the 
flora of any country, are of less botanical significance. Tor tliey are apt 
to be indefinite and to shade off one form into another. But species, the 
botanist expects to be distinct. Indeed, the practical difference to the 
botanist between species and varieties is the definite limitation of the one 
and the indefinit«ness of the other. The botanist's determination is partly 
a matter of observation, partly of judgment. 

526. In an enlarged view, varieties may be incipient species ; and nearly 
related species probably came from a common stock in earlier times. For 
there is every reason to believe that existing vegetation came from the 
more or less changed vegetation of a preceding geological era. However 
that may be, species are regarded as permanent and essentially unchanged 
in their succession of individuals through the actual ages. 

527. There are, at nearly the lowest computation, as many as one hun- 
dred thousand species of phanerogamous plants, and the cryptogamous 
species are thought to be still more numerous. They are all connected by 
resemblances or relationships, near and remote, which show that they are 
all parts of one system, realizations in nature, as we may affirm, of the con- 
ception of One Mind. As we survey them, they do not form a single and 
connected chain, stretching from the lowest to the highest organized 
species, although there obviously are lower and higher grades.' But the 
species throughout group themselves, as it were, into clusters or constel- 
lations, and these into still more comprehensive clusters, and so on, with 
gaps between. It is this clustering which is the ground of the recognition 
of kinds of species, that is, of groups of species of successive grades or 
degree of generality ; such as that of similar species into Genera, of genera 
into Families or Orders, of orders into Classes. In classification the se- 
quence, proceeding from higher or more general to lower or special, is always 
Class, Order, Genus, Species, Variety (if need be). 

528. Genera (in the singular, Genus) are assemblages of closely related 
species, in which the essential parts are all constructed on the same partic- 
ular type or plan. White Oak, Red Oak, Scarlet Oak, Live Oak, etc., 
are so many species of the Oak genus (Latin, Quercus). The Chestnuts 
compose another genus; the Beeches another. The Apple, Pear, and 
Crab are species of one genus, the Quince represents another, the various 
species of Hawthorn a third. In the animal kingdom the common cat, the 
wild-cat, the panther, the tiger, the leopard, and the lion are species of the 
cat kind or genus ; while the dog, the jackal, the different species of wolf, 
and the foxes, compose another genus. Some genera are represented by 
a vast number of species, others by few, very many by only one known 
species. For the genus may be as perfectly represented in one species as 
in several, although, if this were the case throughout, genera and species 
would of course be identical. The Beech genus and the Chestnut genus 
would be just as distinct from the Oak genus even if but one Beech and 
onp. Cl)ftstnut wprA Vnowu : as indeed was once the case. 

12 
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529. Orders are groups of genera that resemble each other; that is, 
they are to genera what genera are to species. As familiar illustrations, 
the Oak, Chestaut, and Beech genera, along with the Hazel genus and the 
Hornbeams, all belong to one order. The Birches and the Alders make 
another ; the Poplars and Willows, another ; the Walnuts (with the But- 
ternut) and the Hickories, still another. The Apple genus, the Quince 
and the Hawthorns, along with the Plums and Cherries and the Peach, 
the Baspberry with the Blackberry, the Strawberry, the Bose, belong 
to a large order, which takes its name from the Rose. Most botanists 
use the names "Order" and "Family" synonymously; the latter more 
popularly, as "the Rose Family," the former more technically, as 
"Order Rosacea.** 

530. But when the two are distinguished, as is common in zoology. 
Family is of lower grade than Order. 

531. Classes are still more comprehensive assemblages, or great groups. 
Thus, in modern botany, the Dicotyledonous plants compose one class, 
the Monocotyledonous plants another (36-40). 

532. These four grades. Class, Order, Genus, Species, are of universal 
use. Variety comes in upon occasion. For, although a species may have 
no recognized varieties, a genus implies at least one species belonging to 
it ; every genus is of some order, and every order of some class. 

533. But these grades by no means exhaust the resources of clas- 
sification, nor suffice for the elucidation of all the distinctions which 
botanists recognize. In the first place, a higher grade than that of class 
is needful for the most comprehensive of divisions, that of all plants into 
the two Series of Phanerogamous and Cryptogamous (6); and in natu- 
ral history there are the two Kingdoms or Realms, the Vegetable and 
the Animal. 

534. Moreover, the stages of the scafiFblding have been variously ex- 
tended, as required, by the recognition of assemblages lower than class but 
higlier than order, viz. Subclass and Cohort ; or lower than order, a Sub- 
order; or between this and genus, a Tribe ; or between this and tribe, a 
Subtribe ; or between genus and species, a Subgenus; and by some a 
species has been divided into Subspecies, and a variety into Subvarieties. 
Last of all are Indioiduals. Suffice it to remember that the following are 
the principal grades in classification, witli the proper sequence ; also that 
only those here printed in small capitals are fundamental and universal 
in botany: — 

Sebiss, 

Glass, Subclass, Cohort, 

Obdeb, or Family, Suborder, Tribe, SubtrtDo, 
Genus, Subgenus or Section, 
Spbcibs, Variety. 
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I 2. NAMES, TERMS, AND CHARACTERa 

535. The name of a plant is the name of its genus followed by that of 
the species. The name of the genus answers to the surname (or family 
name) ; that of the species to the baptismal name of a person. Thus Quer- 
CU8 is the name of the Oak genus; Quercus alba, that of the White Oak, 
Q. rubra, that of Red Oak, Q. nt^ra, tbat of tbe Black-Jack, etc. Botani- 
cal names being Latin or Latinized, the adjective name of the species 
comes after that of the genus. 

536. Names of Genera are of one word, a substantive. The older 
ones are mostly classical Latin, or Greek adopted into Latiu; such as 
Quercus for the Oak genus, Fa^tts for the Beecb, Corylus, the Hazel, and 
the like. But as more genera became known, botanists had new names to 
make or borrow. Many are named from some appearance or property of 
the flowers, leaves, or other parts of the plant. To take a few examples 
from the early pages of the " Manual of the Botany of the Northern United 
States," — the genus Hepatica comes from the shape of the leaf, resembling 
that of the liver. Myosurus means mouse-tail. Delphinium is from del- 
phin, a dolphin, and alludes to the shape of the flower, which was thought 
to resemble the classical figures of the dolphin. Xanthorrhiza is from two 
Greek words meaning yellow-root, the common name of the plant. Cimi' 
eifiiga is formed of two Latin words meaning to drive away bugs, i. e. 
Bugbane, the Siberian species bemg used to keep away such vermin. 
Sanguinaria, the Bloodroot, is named from the blood-like color of its juice. 
Other genera are dedicated to distinguished botanists or promoters of 
science, and bear their names : such are Magnolia, which commemorates 
the early French botanist, Magnol ; and Jeffersonia, named after President 
Jefferson, who sent the first exploring expedition over the Rocky Moun- 
tains. Others bear the name of the discoverer of the plant ; as, Sarra* 
eenia, dedicated to Dr. Sarrazin, of Quebec, who was one of the first to 
send the common Pitcher-plant to the botanists of Europe ; and Claytonia, 
first made known by the early Virginian botanist Clayton. 

537. Names of Species. The name of a species is also a single word, 
appended to that of the genus. It is commonly an adjective, and therefore 
agrees with the generic name in case, gender, etc. Sometimes it relates to 
the country the species inhabits ; as, Claytonia Virginica, first made known 
from Virginia; Sanguinaria Canadensis, from Canada, etc. More com- 
monly it denotes some obvious or characteristic trait of the species ; as, 
for example, in Sarracenia, our northern species is named 'purpurea, from 
the purple blossoms, while a more southern one is named flava, because 
its petals are yellow ; the species of Jeffersonia is called diphylla, meaning 
two-leaved, because its leaf is divided into two leaflets. Some species are 
named after the discoverer, or in compliment to a botanist who has made 
them known ; as. Magnolia Fraseri, named after the botanist Eraser, oof 
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of the first to find tWs species ; and Sarracenia Drummondii, for a Pitcher- 
plant found by Mr. Drummond in Florida. Such personal specific names 
are of course written with a capital initial letter. Occasionall;^ some old 
substantive name is used for the species ; as Magnolia Umbrella, the Um- 
brella tree, aud Ranunculus Flammula, These are also written with a 
capital initial, and need not accord with the generic name in gender. Geo- 
graphical specific names, such as Canadensis, Caroliniana, Americana, in 
the later usage are by some written without a capital initial, but the older 
usage is better, or at least more accordant with English orthography. 

538. Varietal Names, when any are required, are made on the plan of 
specific names, and follow these, with the prefix var, Kanunculus Elam- 
mula, var. reptans, the creeping variety: R. abortivus, var. micranthus, 
the small-fiowered variety of the species. 

539. In recording the name of a plant it is usual to append the name, 
or an abbreviation of the name, of the botanist who first published it ; and 
in a fiora or other systematic work, this reference to the source of the 
name is completed by a further citation of the name of the book, the 
volume and page where it was first published. So " Ranunculus acris, 
L.," means that this Buttercup was first so named and described by Lin- 
naeus; *' R. multifidusj Pursh," that this species was so named and pub- 
lished by Pursh. The suffix is no part of the name, but is an abbreviated 
reference, to be added or omitted as convenience or definiteness may re- 
quire. The authority for a generic name is similarly recorded. Thus, 
" Ranunculus, L.," means that the genus was so named by Linnaeus ; 
" Myosurus, Dill.," that the Mouse-tail was established as a genus under 
this name by Dillenius ; Caulophyllum, Michx., that the Blue Cohosh was 
published under this name by Michaux. The full reference in the last- 
named instance would be, " in Flora Boreal i- Americana, first volume, 205th 
page," — in the customary abbreviation, "Michx. Fl. i. 205." 

540. Names of Orders are given in the plural number, and are com. 
monly formed by prolonging the name of a genus of the group taken as a 
representative of it. For example, the order of which the Buttercup or 
Crowfoot genus, Ranunculus, is the representative, takes from it the name 
of Ranunculacece ; meaning Planta Ranunculacea when written out in 
full, that is, Ranunculaceous Plants. Some old descriptive names of 
orders are kept up, such as Crucifera for the order to which Cress and 
Mustard belong, from the cruciform appearance of their expanded corolla, 
and Umbelliferre, from the fiowers being in umbels. 

541. Names of Tribes, also of suborders, subtribes, and the like, are 
plurals of the name of the typical genus, less prolonged, usually in e4B, 
jnecB, idea, etc. Thus the proper Buttercup tribe is Ranunculea, of the 
Clematis tribe, Clematidea. While the Rose family is Rosacea, the special 
Rose tribe is Rosea, 

542. Names of Classes, eto. For these see the following synopsis af 
the actual classification adopted, p. 183. 
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543. So a plant is named in two words, the generic and the specific 
names, to which may be added a third, that of the variety, upon occasion. 
The generic name is peculiar : obviously it must not be used twice over in 
botany. The specific name must not be used twice over in 1 he same genus, 
but is free for any other genus. A Quercus alba, or White Oak, is no 
hindrance to Betula alba, or White Birch ; and so of other names. 

544. Characters and Descriptions. Plants are characterized by a 
terse statement, in botanical terms, of tlieir peculiarities or distinguishing 
marks. The character of the order should include nothing which is com- 
mon to the whole class it belongs to ; that of the genus, uothing which is 
common to the order ; that of the species nothing which is shared with 
all other species of the genus; and so of other divisions. Descriptions 
may enter into complete details of the whole structure. 

545. Terminology, also called Glossology, is nomenclature applied to 
organs or parts, and their forms or modifications. Each organ or special 
part has a substantive name of its own : shapes and other modifications of 
an organ or part are designated by adjective terms, or, when the forms 
are peculiar, substantive names are given to them. By the correct use 
of such botanical terms, and by proper subordination of the characters 
under the order, genus, species, etc., plants may be described and deter- 
mined with much precision. The classical language of botany is Latin. 
While modem languages have their own names and terms, these usually 
lack the precision of tlie Latin or Latinized botanical terminology. For- 
tunately, this Latinized terminology has been largely adopted and incor- 
porated into the English technical language of botany, thus securing pre- 
cision. And these terms are largely the basis of specific names of plants. 

546. A glossary or vocabulary of the principal botanical terms used in 
phanerogamous and vascular cryptogamous botany is appended to this 
volume, to which the student may refer, as occasion arises. 

§ 3. SYSTEM. 

547. Two systems of classification used to be recognized in botany, — the 
artificial and the natural ; but only the latter is now thought to deserve 
the name of a system. 

548. Artificial classifications have for object merely the ascertaining 
of the name and place of a plant. They do not attempt to express relation- 
ships, but serve as a kind of dictionary. They distribute the genera and 
species according to some one peculiarity or set of peculiarities (just as a 
dictionary distributes words according to their first letters), disregarding 
all other considerations. At present an artificial classification in botany 
is needed only as a key to the natural orders, — as an aid in referring an 
unknown plant to its proper family ; and such keys are still very needful, 
at least for the beginner. Formerly, when the orders themselves were 
not clearly made out, an artificial classification was required to lead the 
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student down to the genus. Two such classifications were long in vogue : 
First, that of Toumefort, founded mainly on the leaves of the flower, the 
calyx and corolla : this was the prevalent system throughout the first half 
of the eighteenth century ; but it has long since gone by. It was suc- 
ceeded by the well-known 

549. Artificial System of Linnaeus, which was founded on the sta- 
mens and pistils. It consists of twenty-four classes, and of a variable 
number of orders ; the classes founded mainly on the number and dispo- 
sition of the stamens ; the orders partly upon the number of styles or stig- 
mas, partly upon other considerations. Useful and popular as this system 
was down to a time within the memory of still surviving botanists, it is 
now completely obsolete. But the tradition of it survives in the names of 
its classes, Monandria, Diandria, Triandria, etc., which are familiar in 
terminology iu the adjective terms monandrous, diandrous, triandrous, etc. 
(2S4) ; also of the orders, Monogynia, Digynia, Trigynia, etc., preserved in 
the form of monogynous, digynous, trigynous, etc. (301) ; and in the name 
Cryptogamia, that of the 24th class, which is continued for the lower series 
in the natural classification. 

550. Natural System. A genuine system of botany consists of the 
orders or families, duly arranged under their classes, and having the tribes, 
the genera, and the species arranged in them according to their relation- 
ships. This, when properly carried out, is the Natural System ; because 
it is intended to express, as well as possible, the various degrees of relation- 
ship among plants, as presented in nature ; that is, to rank those species 
and those genera, etc., next to each other in the classification which are 
really most alike in all respects, or, in other words, which are constructed 
most nearly on the same particular plan. 

551. There can be only one natural system of botany, if by this term 
is meant the plan according to which the vegetable creation was called into 
being, with all its grades and diversities among the species, as well of past 
as \of the present time. But there may be many natural systems, if we 
mean the attempts of men to interpret and express that plan, — systems 
which will vary with advancing knowledge, and with the judgment and 
skill of different botanists. These must all be very imperfect, bear the 
impress of individual minds, and be shaped by the current philosophy of 
the age. But the endeavor always is to make the classification answer to 
Nature, as far as any system can which has to be expressed in a definite 
and serial arrangement. 

552. So, although the classes, orders, genera, etc., are natural, or as 
natural as the systematist can make them, their grouping or order of 
arrangement in a book, must necessarily be in great measure artificial. 
Indeed, it is quite impossible to arrange the orders, or even the few classes, 
in a single series, and yet have each group stand next to its nearest relatives 
on both sides. 

553. Especially it should be understood that, although phanerogamous 
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plants are of higher grade than cryptogamous, and angiospermous or or- 
dinary phanerogamous higher than the gymnospermous, yet there is no 
culmination in the vegetable kingdom^ nor any highest or lowest order of 
phanerogamous plants. 

554. The particular system most largely used at present in the classi- 
fication of the orders is essentially the following : — 

Sebies I. FH ANEKOGAMIA : Fhakebogamous ob Flowebing Plants. 

Class I. DICOTYLEDONES ANGIOSPERME^, called for shortness 

in English, Dicotyledons or Dicotyls. Ovules in a closed ovary. 

Embryo dicotyledonous. Stem with exogenous plan of growth. Leaves 

reticulate-veined. 

Artificial Division L Folypetalje, with petals mostly present and 

distinct. Orders about 80 in number, Ranunculacea to Cornacea. 
Artificial Division 11. Gamopetalje, with gamopetalous corolk. 

Orders about 45, Caprifoliacea to Planiaginace€B, 
Artificial Division III. Apetak« or Incomplete, with perianth, 
when present, of calyx only. Orders about 35 in number, from 
Nyctaginacea to Salicacea, 

Class U. DICOTYLEDONES GYMNOSFERMEiE, in English Gym- 
nospebms. No ovary or pericarp, but ovules and seeds naked, and no 
proper calyx nor corolla. Embryo dicotyledonous or polycotyledonous. 
Stem with exogenous plan of growth. Leaves mostly parallel-veined. 
Consists of order Qnetacea, which strictly connects with Angiospermous 
Dicotyls, of Conifera^ and of Cycadacea, 

Class III. MONOCOTYLEDONES, in English Monocotyledons or 
Monocotyls. Angiospermous. Embryo monocotyledonous. Stem with 
endogenous plan of growth. Leaves mostly parallel-veined. 
Division L Fetaloideje. Perianth complete, having the equivalent 

of both calyx and corolla, and all the inner series corolliue. About 

18 orders. 
Division II. Calycine. Perianth complete (in two series) but not 

corolline, mostly thickish or glumaceous. Chiefly two orders, 

Juncacea, the true Rushes, and Falma, Palms. 
Division HI. Spadiciploeje or Nudiplobjs. Perianth none, or rudi- 
mentary and incomplete : inflorescence spadiceous. Of five ordera, 

Typhacea and Aroidea the principal. 
Division IF. Glumacejb. Perianth none, or very rudimentary: 

glumaceous bracts to the flowers. Orders mainly Cyperacea and 

Oraminea, 

Sebies II. CRYPTOGAMIA : Cbyptogamous ob Flowebless Plants 

Class L PTERIDOFHYTA, Ptebidophytes (484). 

Class XL BRYOPHYTA, Bbyophytes (498). 

Clasp III. THALLOPHYTA, Thallophytes (503). 
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Section XIX. BOTANICAL WOEK. 

555. Some hints aud brief instructions for the collection, examination, 
and preservation of specimens are added. Tbej are especially intended 
for the assistance of those who have not the advantage of a teacher. They 
apply to phanerogamous plants and Ferns only, and to systematic botany.^ 

§ 1. COLLECTION, OR HERBORIZATION. 

5^6. As much as possible, plants should be examined in the living state, 
or when freshly gathered. But dried specimens should be prepared for 
more leisurely examination and for comparison. To the working botanist 
good dried specimens are indispensable. 

557. Botanical Specimens, to be complete, should have root or root- 
stock, stem, leaves, flowers, both open and in bud, and fruit. Some- 
times these may all be obtained at one gathering ; more commonly two or 
three gatherings at different times are requisite, especially for trees and 
shrubs. 

558. In Herborizing, a good knife and a narrow and strong trowel are 
needed ; but a very strong knife will serve instead of a trowel or small pick 
for digging out bulbs, tubers, and the like. To carry the specimens, either 
the tin box {vasculum) or a portfolio, or both are required. The tin box is 
best for the collection of specimens to be used fresh, as in the class-room ; 
also for very thick or fleshy plants. The portfolio is indispensable for long 
expeditions, and is best for specimens which are to be preserved in the 
herbarium. 

559. The Vasculum^ or Botanical Collectinff-box, is made of tin, in shape 
like a candle-box, only flatter, or the smaller sizes like an English sandwich- 
case ; the lid opening for nearly the whole length of one side of the box. 
Any portable tin box of convenient size, and capable of holding specimens 
a foot or fifteen inches long, will answer the purpose. The box should shut 
close, so that the specimens may not wilt : then it will keep leafy branches 
and most flowers perfectly fresh for a day or two, especially if slightly 
moistened. They should not be wet. 

560. The Portfolio is best made of two pieces of solid binder's-board, 
covered with enamel cloth, which also forms the back, and fastened by 
straps and buckles. It may be from a foot to twenty inches long, from 
nine to eleven or twelve inches wide. It should contain a needful quantity 
of smooth but strong and pliable paper (thin so-called Manilla paper is 
best), either fastened at the back as in a book, or loose in folded sheets 
when not very many specimens are required. As soon as gathered, the 
specimens should be separately laid between the leaves or in the folded 
sheets, and kept under moderate pressure in the closed portfolio. 

1 Fop fuller directions in many particulars, see " Structural Botany," pp. STO- 
874* 
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661. Of small herbs, especially annuals, the whole plant, root and all, 
should be taken for a specimen. Of larger ones branches will suffice, with 
Bome leaves from near the root. Enough of the root or subterranean part 
of the plant sliould be collected to show whether it is an annual, a 
biennial, or a pereunial. Thick roots, bulbs, tubers, or branches of speci- 
mens intended to be pressed should be thinned with a knife, or cut into 
slices. Keep the specimens within the length of fifteen or sixteen inches, 
by folding, or when that cannot be done, by cutting into lengths. 

562. For Diying Specimens a good supply of soft and unsized 
paper is wanted; and some conveuient means of applying considerable 
pressure. To make good dried botanical specimens, dry them as rapidly 
as possible between many thicknesses of sun-dried paper to absorb their 
moisture, nnder as much pressure as can be given without crushing the 
more delicate parts. This pressure may be had by a botanical press, of 
which various forms have been contrived; or by weights placed upon a 
board, — from forty to eighty or a hundred pounds, according to the 
quantity of specimens drying at the time. Tor use while travelling, a 
good portable press may be made of thick binders* boards for the sides, 
and the pressure may be applied by strong straps with buckles. Still 
better, on some accounts, are portable presses made of wire network, 
which allow the dampness to escape by evaporation between the meshes. 
For herborization in a small way, a light wire-press may be taken into 
the field and made to serve also as a portfolio. 

563. It is well to have two kinds of paper, namely, driers of bibulous 
paper, stitched into pads (or the pads may be of thick carpet-paper, cut to 

' size) and thin smooth paper, folded once ; the specimens to be laid into the 
fold, either when gathered or on returning from the excursion. These 
sheets are to hold the specimens until they are quite dry. Every day, or 
at first even twice a day, the specimens, left undisturbed in their sheets, 
are to be shifted into fire-dried or sun-dried fresh driers, and the pressure 
renewed, while the moist sheets are spread out to dry, so as to take their 
turn again at the next shifting. This course must be continued until the 
specimens are no longer moist to the touch. Good and comely specimens 
are either made or spoiled within the first twenty -four or thirty-six hours. 
After that, when plenty of driers are used, it may not be necessary to 
change them so frequently. 

564. Succulent plants, which long refuse to part with life and moisture, 
and Spruces and some other evergreens which are apt to cast off their 
leaves, may be plunged for a moment into boiling water, all but the flowers. 
Delicate flowers may be encased in thin tissue paper when put into the press. 
Thick parts, like the heads of Sun-fiowers and Thistles, may be cut in two 
or into slices. 

565. Dried specimens may be packed in bundles, either in folded papei 
or upon single half-sheets. It is better that such paper should not be 
bibulous. The packages should be well wrapped or kept in close cases. 
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666. Palflonlxig is oeoessary if specimens are to be permanently pre- 
served from the depredation of insects. The osnal application is an inmost 
saturated solution of corrosive sublimate in 95 per cent alcohol, freely ap- 
plied with a large and soft brush, or the specimens dipped into some of the 
solution poured into a large and flat dish; the wetted specimens to be 
tniDsferred for a short time to driers. 



§2. HERBARIUM. 

567. The botanist's collection of dried specimens, ticketed with their 
names^ place, and time of collection, and systematically arranged under 
their genera, orders, etc., forms a Hortus Siccus or Herbarium, It com. 
prises not only the specimens which the proprietor has himself collected, 
but those which he acquires through friendly exchanges, or in other ways. 
The specimens of an herbarium may be ke^ in folded sheets of paper; 
or they may be fastened on half-sheets of thick and white paper, either 
by gummed slips, or by glue applied to the specimens themselves. The 
former is best for private and small herbaria; the latter for large ones 
which are much turned over. Each sheet should be appropriated to one 
species ; two or more different plants should never be attached to the same 
sheet. The generic and specific name of the plant should be added to 
the lower right-hand corner, either written on the sheet, or on a ticket 
pasted down; and the time of collection, the locality, the color of the 
flowers, and any other information which the specimens themselves do 
not afford, should be duly recorded upon the sheet or the ticket. The 
sheets of the herbarium should all be of exactly the same dimensions. 
The herbarium of Linnaeus is on paper of the common foolscap size, about 
eleven inches long and seven wide. This is too small. Sixteen and three 
eighths inches by eleven and a half inches is an approved size. 

568. The slieets containing the species of each genus are to be placed 
in genus-covers, made of a full sheet of thick paper (such as the strong- 
est Manilla-hemp paper), to be when folded of the same dimensions as the 
species-sheet but slightly wider: the name of the genus is to be writ- 
ten on one of the lower comers. These are to be arranged under the 
orders to which they belong, and the whole kept in closed cases or cabi- 
nets, either laid flat in compartments, like "pigeon-holes," or else placed 
in thick portfolios, arranged like folio volumes. All should be kept, as 
much as practicable, in dust-proof and insect-proof cases or boxes. 

569. Fruits, tubers, and other hard parts, too thick for the herbarium, 
may be kept in pasteboard or light wooden boxes, in a collection apart 
Small loose fruits, seeds, detached flowers, and the like may be conven* 
iently preserved in paper capsules or envelopes, attached to the herbarium' 
•hefts. 
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§3. INVESTIGATION AND DETERMINATION OF PLANTS, 

570. The Implements required are a band magiiifjing glass, a pocket 
lens of an inch or two focus,-OT a glass of two lenses, one of the lower 
and the other of the bigher power ; and a sharp penknife for dissection. 
With these and reasonable perseverance tbe structure of the flowers and 
fructification of most phanerogamous plants aud Ferns can be made out. 
But for ease and comfort, as well as for certainty and right training, the 
student should bave some kind of simple stage microscope, and under 
this make all dissections of small parts. Without it the student will be 
apt to fall into the bad habit of guessing where he ought to ascertain. 

571. The simple microscope may be reduced to a good lens or doublet, 
of an inch focus, mounted over a glass scage, so that it can be moved up 
and down and also sidewise^ and with (or without) a little mirror under- 
neath. A better one would bave one or two additional lenses (say of half 
and of a quarter inch focus), a pretty large stage, on the glass of which 
several small objects can be placed and conveniently brought under the 
lens; and its height or that of the lens should be adjustable by a rack- 
work; also a swivel-mounted little mirror beneath, which is needed for 
minute objects to be viewed by transmitted light. 

572. For dissecting and displaying small parts on the stage of the 
microscope, besides a thin-bladed knife, the only tools needed are a good 
stock of common needles of various sizes, mounted in handles, and one or 
more saddler's-needles, which, being triangular, may be ground to sharp 
edges convenient for dissection. Also a pair of delicate-pointed forceps ; 
those with curved points used by the dentist are most convenient. A 
cup of clean water is indispensable, with which to moisten or wet, or 
in which occasionally to float delicate parts. Small flowers, buds, fruits, 
and seeds of dried specimens can be dissected quite as well as fresh ones. 
Tney have only to be soaked in warm or boiling water. 

573. The compound microscope is rarely necessary except in crypto- 
gamic botany and vegetable anatomy ; but it is very useful and convenient, 
especially for the examination of pollen. To the advanced botanist it is a 
necessity, to all students of botany an aid and delight. 

574. Analysis. A few directions and hints may be given. The most 
important is this : In studying an unknown plant, make a complete ex- 
amination of all its parts, and form a clear idea of its floral structure 
and that of its fruit, from pericarp down to the embryo, or as far as the 
materials in hand allow, before taking a st^ep toward finding out its name 
and relationship by means of the keys or other helps which the Manuals 
and Floras provide. If it is the name merely that is wanted, the shorter 
way is to ask some one who already knows it. To verify the points of 
structure one by one as they happen to occur in an artificial key, without 
any preparatory investigation, is a usual but is not the best nor the surest 
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way. It ii well to make drawings or oatHne sketches of the smaller parts^ 
aud especially diagrams of the plan of the flower^ such as those of Fig 
225, 227, 241, 244, 275-277. For these, cross sections of the flower^bud 
or flower are to be made : aud longitudinal sections, such as Fig. 270*274, 
are equally important. The dissection even of small seeds is not difficult 
after some practice. Commonly they need to be soaked or boiled. 

575. The right appreciation of characters and terms used in descriptioB 
needs practice and calls tor judgment. Plants do not grow exactly by 
rule and plummet, and measurements must be taken loosely. Difference 
of soil and situation are responded to by considerable variations, and other 
divergences occur which cannot be accounted for by the surroundings, nor 
be anticipated in general descriptions. Annuals may be very depauperate 
in dry soils or seasons, or very large when particularly well nourished. 
Warm and arid situations promote, and wet ones are apt to diminish pubes- 
cence. Salt water causes increased succulence. The color of flowers is 
apt to be lighter in shade, and brighter in open and elevated situations. 
A color or hue not normal to the species now and then occurs, which 
nothing in the conditions will account for. A tohiie-flowered variation oj 
any other colored blossom may always be expected; this, though it may be 
notable, no more indicates a distinct variety of the species than an albino 
would a variety of the human species. The numerical plan is subject to 
variation in some flowers ; those on the plan of five may now and then vary 
to four or to six. Variations of the outline or lobing of leaves are so familiar 
that they do not much mislead. Only wider and longer observation suf- 
fices to prevent or correct mistakes in botanical study. But the weighing 
of evidence and tlie balancing of probabilities, no less than the use of the 
well-ordered and logical system of classification, give as excellent training 
to the judgment as the search for the facts themselves does to the observing 
powers. 

§ 4. SIGNS AND ABBREVIATIONS. 

576. For a full account of these, whether of former or actual use, see 
" Structural Botany" of the " Botanical Text Book," pp. 367, 392, as also 
for the principles which govern the accentuation of names. It is needful 
here to explain only those used in the Manuals and Floras of this country, 
for which the present volume is an introduction and companion. They 
are not numerous. 

577. In arranging the species, at least those of a large genus, the divi* 
sions are denoted and graduated as follows : The sign § is prefixed to sec* 
tions of the highest rank : these sections when they have names affixed to 
them (as Prunus § Cerasus) may be called subgenera. When the divi- 
sions of a genus are not of such importance, or when divisions are made 
under the subgenus itself, the most comprehensive ones are marked by as- 
terisks, * for the first, * * for the second, and so on Subdivisions are 
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marked with a prefixed -t- ; those under this head with ++ ; and those 
under this with =, if there be so many grades. A similar notation is fol- 
lowed in the synopsis of the genera of an order. 

578. The interrogation point is used in botany to indicate doubt. Thus 
Clematis crispa, L. ? expresses a doubt whether the plant in question is 
really the Clematis crispa of Linnaeus. Clematis F polypetala expresses 
a doubt whether the plant so named is really a Clematis. On the other 
hand the exclamation point (!) is used to denote certainty whenever there 
is special need to affirm this. 

579. For size or height, the common signs of degrees, minutes, and 
seconds, have been used, thus, 1°, 2', 3", stand respectively for a foot, 
two inches, and three lines or twelfths of an inch. A better way, when 
such brevity is needed, is to write 1**. 2^. 3*. 

580. Signs for duration used by Linnaeus were © for an annual, J for 
a biennial, % for a perennial herb, 5 for a shrub or tree. DeCandolle 
brought in © for a plant that died after once flowering, (l) if annual, (§) 
if biennial. 

581. To indicate sexes, 5 means staminate or male plant or blossom; 
9 , pistillate or female ; g , perfect or hermaphrodite. 

582. To save room it is not uncommon to use oo in place of " many ; " thus, 
** Stamens oo," for stamens indefinitely numerous : " oo fiora " for pluriflora 
or many-flowered. Still more common is the form " Stamens 5-20," or 
" Calyx 4r-5-parted," for stamens from five to twenty, calyx four-parted or 
five-parted, and the like. Such abbreviations hardly need explanation. 

583. The same may be said of such abbreviations as CaL for calyx, 
Cor. for corolla. Pet. for petals, St. for stamens. Fist, for pistil, Kah. for 
habitat, meaning place of growth. Kerb, for herbarium, Hort. for garden. 
Also /. (?., loco citato, which avoids repetition of volume and page. 

584. "Structural Botany" has six pages of abbreviations of the names 
of botanists, mostly of botanical authors. As they are not of much 
consequence to the beginner, while the more advanced botanist will know 
the names in full, or know where to find them, only a selection is here 
appended* 
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ABBEEVIATIONS OP THE NAMES OF BOTANISTS 



ddOMi, 


ssB Adanson. 


Gmel. 


B Gmelin. 


Ait. 


Alton. 


Good. 


Goodenoogh. 


All. 


Allionl. 


Orev. 


Gre?ille. 


Andr. 


Andrews. 


Griseb. 


Orisebach. 


Am, 


Amott. 


Gran. 


> Grononw. 


Au6. 


Anblet. 


Gronov. 


Bartr. 


Bartr am. 


Hall. 


HaUer. 


Beauv, 


Palisot de BeauFois. 


Hdrtm. 


Hartmann. 


Benfh. 


Bentham. 


Hartw. 


Hartweg. 


Bemh. 


Bernhardi. 


Harv. 


Harvey. 


Bigel. 


Jacob Bigelow. 


Haw. 


Haworth. 


Bong. 


Bongard. 


Hegelm. 


Hegelmaier. 


Bonpl, 


Bonpland. 


Hemtl. 


Hemsley. 


Br. or R, Br. Robert Brown. 


Herb. 


Herbert 


Com. 


Cassini. 


Hoffm. 


Hofimann. 


Cav. 


Ca?anille8. 


Hoffmans. 


Hoffmansegg. 


Cham. 


Chamisso. 


Hook. 


Hooker. 


Chapm. 


Chapman. 


Hook.f. 


J. D. Hooker. 


CAois. 


Choisy. 


Homem. 


Homemann. 


Clayt 


Clayton. 


Huds. 


Hudson. 


Curt. 


Cartis. 


Humb. 


Humboldt. [Kujith 


Curt. {3f. 


A.) M. A. Curtis. 


HBK. 


Humboldt, Bonplimd* ni 


2)arl. 


Darlington. 


Jaeq. 


Jacquin. 


DC. 


1 DeCandolle. 


Jacq.f. 


J. F. Jaoquin. 


DeCand. 


JuM. 


Jussieu. 


A. DC. 


Alphonse DeCandoll". 


A. Juss. 


Adrien de JnssieiL 


Desc. 


Descourtilz. 


Kit. 


KitaibeL 


Derf. 


Desfontaines. 


L. or Linn. 


Linneens. 


Desv. 


Desvaax. 


Labill. 


Labillardiere. 


Dill. 


Billenius. 


Lag. 


Lagasca. 


Dough 


Douglas. 


Lam. 


Lamarck. 


f Duham. 


Duhamel. 


Ledeb. 


Ledebour. 


'Dun. 


Dunal. 


Jjehm. 


Lehmann. 


Eat. 


Eaton (Amos) or D. C. 


Letq. 


Lesqaereu. 


Ehrh, 


Ehrhart 


Lets. 


Lessing. 


Ell. 


Elliott. 


Lestib. 


Lestibndois. 


Endl. 


Endlicher. 


VHer. 


L'Heritier. 


Engelm. 


Engelmann. 


Lindb, 


Lindberg. 


Engl. 


Engler. 


lAndh. 


Lindbeimer. 


TUch. 


Fbcher. 


Undl. 


Lindley. 


Froel, 


Froelich. 


Lodd. 


Loddiges. 


Oartn. 


Giertuer. 


Loud. 


Loudon.. 


Oaud. 


Gaudin. 


M. Bieb. 


MarschaU von BieberstdiL 


Oaudieh. 


Gaudichand. 


Marth, 


Marshall (Homphrey). 


Ging. 


Gingins. 


Mart. 


Martins. 
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Hast, a 


B Masters. 


Bam,^Sci 


\ult, B=s Roemer & 


Schultes. 


Maxim, 


Maximowid. 


Rottb, 


Rottboell. 




Meun, 


) Meisaer or 
1 Meissner. 


Rupr. 


Rnprecht. 




Meinn, 


St. Hil, 


Saint-Hilaire. 




Miehsf, or Mx. Michanz. 


Salisb, 


Salisbury. 




Michx.f. 


F. A. Michaox. 


Schk, 


Schkuhr. 




Mill 


MiUer. 


Schlecht, 


SchlechtendaL 




Miq* 


Miqoel. 


Sehrad. 


Schrader. 




Mitch. 


MitchelL 


Schreb. 


Schreber. 




Mo^ 


Merino. 


Schwein. 


Schweiniti. 




Moq, 


Moqain-Tandon. 


Scop, 


Scopoli. 




Morie, 


Moricand. 


Spreng. 


SprengeL 




Morii. 


Morison. 


Slemb. 


Stembeig. 




Muell, Arg, 


J. Mueller. 


Steud, 


Steudel. 




Muell, {¥.) 


Ferdinand MaeOer. 


Sull. 


SuUiyant. 




MuM, 


Mahlenberg. 


Thunb, 


Thunberg. 




Murr. 


Murray. 


Torr. 


Torrey. 




NautL 


Naudin. 


Toum, 


Toamefort 




Neck, 


Necker. 


Trauto, 


Trautvetter. 




Nees 


1 Nees ?on Esenbeck. 


Trin, 


Trinins. 




N,abE. 


Tuck, 


Tackerman. 




Nutt, 


Nuttflll. 


Faill, 


VaiUant. 




(Ed. 


CEder. 


Vent. 


Ventenai 




Ort. 


Ortega. 


nil. 


Villars. 




P. de Beaut 


\ Palisot de Beauvois. 


JTahl, 


Wahlenberg. 




Pall. 


Pallas. 


Walds, 


Waldstein. 




Pari, 


Parlatore. 


Wall. 


Wallich. 




Pav, 


Pa?on. 


Wallr, 


Wallroth. 




Pert, 


Persoon. 


JFalp. 


Walpers. 




Planch, 


Planchon. 


Walt. 


Walter. 




Pluk. 


Pluk«net 


Wang, 


W^ngenheim. 




Plum. 


Plumier. 


Wats, 


Sereno Watson, 


unless 


Pair, 


Poiret. 




other initials i 


euregi?e& 


RadlJt. 


Radlkofer. 


Wedd, 


WeddeU. 




Saf. 


Baiinesque. 


Wendl. 


Wendland. 




Red, 


Redout^. 


Wiks, 


Wikstrom. 




Reichenh. 


Reiehenbaeh. 


mild. 


Willdenow. 




Rich, 


L. C. Richard. 


Wulf. 


Wulfen. 




Rich,/, or J 


. Achille Richard . 


Zucc. 


Zuccarini. 




Richards, 


Richardson. 


Zuccag. 


ZuccaginL 




Ridd. 


HiddeU. 
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DICTIONAEY OF THE PRINCIPAL TERMS IN DESCRIPTIVE 
BOTANY, COMBINED WITH AN INDEX. 



For the conyenience of imclassical students, the commoner Latin and Greek words (or 
their equivalents in English form) which enter into the composition of botanical names, as 
well as of technical terms, are added to this Glossary. The numbers refer to pages. 



A, at the beginning of words of Greek derivation, commonly signifies a negative, 
or the absence of something; as apetalous, without petals; aphyllous, leaf- 
less, &C. In words beginning with a vowel, the prefix is an; as onantherous, 
destitute of anther. 

Abnormalf contrary to the usual or the natural structure. 

Aoonginalf original in the strictest sense; same as indigenous. 

Abortive, imperfectly formed, or rudimentary. 

Abortion, the imperfect formation or the non-formation of some part. 

Abrupt, suddenly terminating ; as, for instance, 

Abruptly pinnatCj pinnate without an odd leaflet at the end, 58. 

AcarUho-, spiny. 

Acauiescent (acaulis), apparently stemless; the proper stem, bearing the leaves 
and flowers, being very short or subterranean. 

Accessory, something additional; as Accessory buds, 30, 31 ; Accessory fruits, 118. 

Accrescenij growing larger after floweiing. 

Accrete, grown to. 

Accumbent, lying against a thing. The cotyledons are accumbent when they lie 
with their edges against the radicle, 128. 

AcephoUous, headless. 

Acerose^ needle-shaped, as the leaves of Pines. 

Acetc^ndiform, saucer-shaped. 

Acho^nium, or Achenium (plural achenia), a one-seeded, seed-like fnzit, 120. 

Achlamydeous (flower), without floral envelopes, 86. 

Adcular, needle-shaped; more slender than acerose. 

Adnaciform, scimitar-shaped, like some bean-pods. 

Acmes, the separate grains of a fruit, such as the raspberry* 

Acom, the nut of the Oak, 122. 

Acotyledonous, destitute of cotyledons or seed-leaves. 

AcrogerumSy growing from the apex, an the stems of Ferns and Mosses. Aerogens, 
or Aorogenous Plants, a name for the vascular cryptogamous plants, 156. 

Aculeate, armed with prickles, i. e. aculei ; as the Rose and Brier. 

Acuieolate, armed with small prickles, or slightly prickly. 

AcumincUe, taper-pointed, 54. 

SiCute, merely sharp-pointed, or ending in a point less than a right angle, 54. 

12 
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Adelphctis (stamens), joined in a fraternity (adelphia); see motuidelphotu, &a 

il(2e9ty Oreek for gland. Bo Adenopfiorotis, glajid-he&nng. 

Adherent, sticking to, or more commonly, growing fast to another body. 

AdnaUf literally, growing fast to, born adherent, 95. The anther is adnate when 

fixed by its whole length to the filament or its prolongation, 101. 
AdncUioUf the state of being adnate, 94. 

Adpressed or appressed, brought into contact with, but not united. 
Adscendentf ascendent , or ascending, rising gradually upwards, 39. 
Adsurgent^ or a^surgentj same as ascending, 39. 

AdventitiouSf out of the proper or usual place; e. g. Adventitious buds, 30. 
Adveniive, applied to foreign plants accidentally or sparingly introduced into a 

country, but hardly to be called naturalized. 
JEquiLateral^ equal-sided ; opposed to oblique. 
Aerial roots, &c., 36. 
JSruginous, verdigris-colored. 
jEstivaJ, produced in summer. 

Estivation, the arrangement of parts in a flower-bud, 97. 
Agamous^ sexless. 
Aggregate fruits, 118. 
Agrestis, growing in fields. 

Air-cells or Air-passages^ spaces in the tissue of leaves and some stems, 131 
Air-Plants, 36. 
Aken^ or Akenium^ 120. 

Ala (plural, aUe), a wing; the side-petals of a papilionaceous oorollay 92. 
Alabastruniy a flowerwbud. 
Alar, situated in the forks of a stem. 
Alate, winged. 

Albescent, whitish, or turning white. 
AUms^ Latin for white. 

Albumen of the seed, nourishing matter stored up with the embryo, 21, 127^ 
Albumen, a vegetable product, of four elements. 
Albuminous (seeds), furnished with albumen, 21. 
Alburnum., young wood, sap-wood, 142. 
Alliaceous, with odor of garlic. 
A llogammis, close fertilization. 
Alpestrine, subalpine. 

Alpine, belonging to high mountains above the limit of forests. 
Alternate (leaves), one after another, 29, 67. Petals are aUemate with tha 

sepals, or stamens with the petals, when they stand over the intervals between 

them, 82. 
Aheolate, honeycomb-like. 

Ament, the scaly spike of trees like the Birch and Willow, 75. 
Amentaceous, catkin-like, or catkin-bearing. 
Amorphous, shapeless, without any definite form. 
Amphicarpous, producing two kinds of fruit. 

Amphigastriwn (plural, amphigastria), a peculiar stipnle-like leaf of Liverworta 
Amphitropous, ovules or seeds, 111. 
Amphora, a pitcher-shaped organ. 

Amplectant, embracing. Amplextcaut (leaves), clasping the stem by the basoi 
Ampullaceous, swelling out like a bottle or bladder [ampulla). 
Amylaceous, Amyloid, composed of starch {amylum), or starch-like. 
Anandrous, without stamens, 

Anantherous, without anthers. Ananfhnus, destitute of flowers ; flowertess. 
Anastomosing, forming a net- work {anastomosis), as the vein? of leaves, 60. 
Anatropous ovules or seeds. 111. 
Andpital (anceps), two-edged. 
Andrcscium, a name for the stamens taken together, 98. 
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jSndro-dtac%ouij flowers staminate on one plant, perfect on another. 

Androgynous, having both staminate and pistillate flowers in the same cluster. 

Androphore, a column of united stamens, as in a Mallow. 

Androus, or Ander, andra, andrumf Greek in compounds for male^ or stamens. 

Anemophilotu, wind-loving, said of wind-fertUizable flowers, 113. 

Anfractuose, bent hither and thither as the anthers of the Squash, && 

AngiospemuBy Angio^ermous, with seeds formed in an ovary or pericarp, 109. 

Angular divergence of leaves, 69. 

AnisoSy unequal. Anisomerous, parts unequal in number. Aniiopetalout, with on* 

equal petals. AnisqphyllouSf the leaves unequal in the pairs. 
Annual (plant), flowering and fruiting the year it is raised from the seed, and then 

dying, 37. 
Annular, in the form of a ring, or forming a circle. 
Annulate, marked by rings; or furnished with an' 
Annulus, or ring, like that of the spore-case of most Ferns. In Mosses it Ib a ring 

of cells placed between the mouth of the spore-case and the lid in many species. 
AnnotinouSy yearly, or in yearly growths. 
Anterior, in the blossom, is the part next the bract, i. e. external; while the 

posterior side is that next the axis of inflorescence. Thus, in the Pea, &c., the 

keel is anterior, and the standard posterior, 96. 
AnthelOj an open paniculate cyme. 

Anther, the essential part of the stamen, which contains the pollen, 14, 80, 101. 
Antheridium (plural antheridia), the organ in Cryptogams which answers to th« 

anther of Flowering Plants, 150. 
AntheriferouSy anther- bearing. 

Anthesis, the period or the act of the expansion of a flower. 
Anthocarpus (fruits), 118. 

AntJiophore, a stipe between calyx and corolla, 113. 
Anfhos^ Greek for flower ; in composition, Monanthous, one-flowered, ko 
AnticouSy same as anterior. 
Antrorse, directed upwards or forwards. 
Apetalous, destitute of petals, 86. 
Aphyllous, leafless. 

Apical, belonging to the apex or point. 
Apiculate, pointleted; tipped with a small point. 

Apocarpous (pistils), when the several pistils of the same flower are separate. 
Apophysis, any irregular swelling ; the enlargement at the base of the spore-case ot 

the Umbrella-Moss. 
Apothedum, the fructification of Lichens, 171. 

Appendage, any superadderl part. Appendiculate, provided with appendageSb 
Appressed, close pressed to the stem, &c. 
Apricus, growing in dry and sunny places. 
Apterous, wingless. 
Aquatic {Aquatilis), living or growing in water ; applied to plants whether growing 

under water, or with all but the base raised out of it. 
Arachnoid, Araneose, cobwebby; clothed with, or consisting of, soft downy fibres. 
Arboreous, Arborescent, tree-like, in size or form, 39. 
Arlh>7'etum, a collection of trees. 
Archegonium (plural archegonia), the organ in Mosses, &c, which is analogous to 

the pistil of Flowering Plants. 
Arcuate, bent or curved like a bow. 
Arenose (Arenarius), growing in sand. 
Areolate^ marked out into little spaces or areolcs. 
Argenteous, or Argentate, silver}^-like. 
Argillose, growing in clay. 

Argos, Greek for pure white ; Argophyllous or Argyrophyllous, white-leaved, &0. 
Argutus, aeutely dentate. 
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AriUate (seeds) forniBhed with an ariL 

Arilli/wrm, aril-like. 

AriUfu, or Aril, a fleshy growth from base of a seed, 126. 

Arittate, awned, L e. furnished with an aritta, like the beard of Barley, &o., 54. 

Aristulate, diminutive of the last ; short-awned. 

Arredy brought into upright position. 

Arrowh-ikaped or Arrouhheaded, same as aaffittate, 53. 

^Articulated, jointed; furnished with joints or articulaHonif where it ssparates c 

inclines to do so. Articulated leaves, 57. 
Artificial Classification, 181. 
Ascending (stems, &c.^ 39; (seeds or ovules) 110. 
Asddiumt a pitcher-shaped body, like leaves of Sarracenia. 
Ascus {asc%), a sac, the spore-case of Lichens and some FungL 
Aspergilli/orm, shaped like the brush used to sprinkle holy water; as the stigmas 

of many (brasses. 
Atperous, rough to touch. 
Assimilation, 144, 147. 
Assurgent, same as ascending, 39. 
Atropous or Atropal (ovules), same as orthotropona. 
Avrantiacous, orange-colored. 
AureouSy golden. 

Auriculate, furnished with auricles or ear-like appendages, 68. 
Autogamy, self-fertilization, 115. 
Awl-shaped, sharp-pointed from a broader base, 61. 
Avon, the bristle or beard of Barley, Oats, &c.; or any similar appendage. 
Awned or Aum^pointed, furnished with an awn or long bristle-shaped tip, 54. 
AxU, the angle on the upper side between a leaf and the stem, 18. 
Axile, belonging to the axis, or occupying the axis. 
Axillary (buds, &c.X occurring in an axil, 27. 
Axis, the central line of anybody ; the oi-gan round which others are attached; the 

root and stem. Ascending and Descending Axis, 38. 

Baccate, berried, berry-like, of a pulpy-nature like a berry {bacea), 

Badius, chestnut-colored. 

Banner, see Standard, 92. 

Barbate, bearded; bearing tufts, spots, or lines of hairs. 

Barbed, furnished with a barb or double hook ; as the apex of the bristle on the 

fruit of Echinospermum (Stickseed), &c. 
Bar^Uate, said of the bristles of the pappus of some Composite when beset with 

short, stiff hairs, longer than when denticulate, but shorter than when plumose. 
Barbellulate, diminutive of barbellate. 
Bark, the covering of a stem outside of the wood, 138, 140. 
Basal, belonging or attached to the 

Base, that extremity of any oi^gan by which it is attached to its snpporfik 
Badfixed, attached by its base. 
Bast, Bastfibres, 134. 
Beaked, ending in a prolonged narrow tip. 
Bearded, see barbate. Beard is sometimes used for awn, more commonly for long 

or stiff hairs of any sort. 
Betl-shaped, of the shape of a bell, as the corolla of Harebell, 90. 
Berry y a fruit pulpy or juicy throughout, as a grape, 119. 
B^ (or Bis), in compound words, twice ; as 

BiartieuUite, twice-jointed, or two-jointed ; separating into two pieces. 
Biauriculate, having two ears, as the leaf in fig. 126. 
Btcallose^ having two callosities or harder spots. 
Btcarinnte, two-keeled. 
Biotpital {Biceps), two-headed; dividing into two parts. 
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Biconfugate, twice paired, as when a petiole forks twice. 

Bidtntate, haviug two teeth (not twice or doably dentftte). 

Biennialf of two years' continaance; springing from the seed one season, flowering 
and dying the next, 38. 

BifariouSf two-ranked; arranged in two rows. 

Bijidf two-cleft to about the middle. 

BifoliolaUf a compound leaf of two leaflets, 59. 
[ Bifurcate, twice forked; or more commonly, forked into two branches. 

BijuyaUj bearing two pairs (of leaflets, &c.). 

Bilabiatey two-lipped, as the corolla of Labiatse. 

BiiamtUate, of two plates (lamtllas), as the stigma of Mimnlus* 

BUobedj the same as two-lobed. 

Biloctllatef when a cell Is divided into two loctlli, 

Biloadar, two-celled; as most anthers, the pod of Foxglove, &c. 

Binai-y, in twos. 

Binate, in couples, two together. Bipartite^ the Latin form of two-parted. 

Binodalf of two nodes. 

Binomial, of two words, as the name of genus and species taken together, 180. 

Bipalmate^ twice palmately divided. 

Biparoutj bearing two. 

Bipinnate (leaf), twice pinnate, 58. Btpinnatijidf twice pinnatifid, 57* 

Bi/nnnatisect, twice pinnately divided. 

Biplicate, twice folded together. 

Bisenal, or Biseriate, occupying two rows, one within the other. 

Biserratey doubly serrate, as when the teeth of a leaf are themselves serrate. 

Bisexual, having both stamens and pistil. 

Bitemate, twice ternate; i. e. principal divisions three, each bearing three lesflats, 5& 

Bladdery, thin and inflated. 

Blade of a leaf, its expanded portion, 49. 

Bloomy the whitish powder on some fruits, leaves, &c. 

Bo'it-^ftapedf concave within and keeled without, in shape like a small boat. 

Border of corolla, &c., 89. 

Brackiate, with opposite branches at right angles to each other. 

Brachy-. short, as Brnckycarpous, short-fluited, &c. 

Bract (Bractea), the leaf of an inflorescence. Specially, the bract is the small leai 
or scale from the axil of which a flower or its pedicel proceeds, 78. 

Bracteate, furnished with bracts. 

Brncteolate, furnished with bractlets. 

Bracteose, with numerous or conspicuous bracts. 

BractUt ( Bracteola), or Bracteole, i» a bract seated ofi the pedicel or flower-stalk, 73> 

Branch, Branching, 27. 

Breathing-pores, 144. 
' Bristles, stiff*, sharp hairs, or any very slender bodies of similar appearance. 

BrUtly, beset with bristles. Bristle-pointed, 54. 

Brunneous, brown. 

Brush-shaped, see cupergilliform, 

Bryolofjy, that part of botany which relates to Mosses. 

Bryophyta, Bryophytes, 163. 

Bud, a branch in its earliest or undeveloped state, 27. Bud-scales, 63. 

Bulb, a leaf-bud with fleshy scales, usually subterranean, 46. 

Bulbils, diminutive bulbs. 

Bulbiferous, bearing or producing bulbs. Bulbose or bulbous, bulb-like in shape, &c 

Bulblets, small bulbs, borne above ground, 46. 

Bulb-scales, 46. 

BuUate, appearing as if blistered or bladdery (from butla^ a bubble). 

Byssaceous, composed of fine flax-like threads. 
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Caducous^ dropping off very early, compared with otlier parts; as the calyx in the 

Poppy, falling when the flower opens. 
CcBrtileotUf blue. Candescent, becoming bluish. 
CcBspitoae, or Cespitose, growing in turf-like patches or tufts. 
CalcUhiform, cup-shaped. 

Calcnraie, furnished with a spur (calcar), 86, 87, 

Caiceolate or Calceiform, slipper-shaped, like one petal of the Lady's Slipper. 
Callotef hardened ; or furnished withjcallosities or thickened spots. 
Calvous^ bald or naked of hairs. 

CalycifloruSf when petals and stamens are adnate to calyx. 
Calydne, belonging to the calyx. 
Ccdyculate, furnished with an outer accessory calyx {caly cuius) or set of bracts 

looking like a calyx, as in true Pinks. 
Calyptra^ the hood or veil of the> capsule of a Moss, 163. 
Calyptrate, having a calyptra. 

Calyptnformj shaped like a calyptra or candle-extinguisher. 
Calyx, the outer set of the floral envelopes or leaves of the flower, 14, 79. 
CambiuMf Cambiutn4ayer, 140. 
Campanulatej bell-shaped, 90. 
CampylotropouSy or Campylotropal, curved ovules and seeds, 111. CampylospermouSf 

applied to fruits of Umbelliferse when the seed is curved in at the edges, 

forming a groove down the inner face ; as in Sweet Cicely. 
Canaliculate, channelled, or with a deep longitudinal groove. 
Cancellate, latticed, resembling lattice-work. 
Candidtu, Latin for pure white. 
Canescentf grayish- white ; hoary, usually because the surface is covered with fine 

white hairs. Incanous is whiter still. 
Canous, whitened with pubescence; see incanous. 

Capillaceous, Capillary, hair-like in shape; as fine as hair or slender bristles. 
Capitate^ having a giobular apex, like the head on a pin. 
Capitellatef diminutive of capitate. 

Capitulum, a close rounded dense cluster or head of sessile flowers, 74. 
Capreolate, bearing tendrils (from capreolus, a tendril). 
Capsule, a dry dehiscent seed-vessel of a compound pistil, 122. 
CcpsulaVf relating to, or like a capsule. 
Capture of insects, 154. 

Carina, a keel ; the two anterior petals of a papilionaceous flower, 92. 
Caiinate, keeled, furnished with a sharp ridge or projection on the lower side. 
Cariopsis, or Caryopsis, the one-seeded fruit or grain of Grasses, 121. 
Carneous, flesh -colored; pale red. Camose, fleshy in texture. 
Carpel, or Carpidium, a simple pistil or a pistil-leaf, 106. 
CarpelUiry, pertaining to a carpel. 

Caipoltigy, that department of botany which relates to fruits. 
Carpophm-e, the stalk or support of a pistil extending between its carpels, 113. 
Carpos, Greek for fruit. 

Ctniilnginous, or Cartilagineous, firm and tough in texture, like cartilage 
Caruncle, an excrescence at the scar of some seeds, 126. 
Carunculate, furnished with a caruncle. 

Caryophfjllaceous, pink-like : applied to a corolla of 5 long-clawed petftlft. 
Cassideous, helmet-shaped. 
Cassus, empty and sterile. 
Catenate, or Catenulate, end to end a., in a chain. 
Catkin, see Ament, 75. 
Caudate, tailed, or tail-pointed. 

CaudeXn a sort of trunk, snch as that of Pa?ms ; an opright rootstock, 89, ilt 
Cnudide, the stalk of a pollen-mass, &c. 
Caulescent, having an obvious stem. 86. 
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CauUcUf a little stem, or radimentary stem (of a seedling), 11, 197. 

CauUne^ of or belonging to a stem, 36. Gaulis, Latin name of stem. 

Caulocaijfic, equivalent to perennial. 

Caulome, the cauline parts of a plant. 

CeU (diminutive, CelluU)^ the cavity of an anther, ovaiy, &e. ; one of the anatomi* 

cal elementsi 131. 
Cellular Cryptogams^ 162. Cellular tittue, 131. 
Cellulose, 131. CelUwalls, 130. 
Centrifugal (inflorescence), produced or expanding in succession from the centre 

outwards, 77. 
Cftntripetalj the opposite of centrifugal, 74. 
Cephala, GreelL for head. In compounds, MonocephaUntSf with one head, Micro- 

cephcUouSj small-headed, &c. 
Cerealj belonging to corn, or curn-plants. 
CemuouSf nodding; the summit more or less inclining. 
Ckoita, Greek for bristle. 
Chaff, small membranous scales or bracts on the receptacle of Gompoeitfls; the 

glumes, &c., of grasses. 
Chaffy, furnished with chaff, or of the texture of chaff. 
Chalaza, that part of the ovule where all the parts grow together, 110, 126. 
Chaftnelled, hollowed out like a gutter; same as canaliculate. 
Character, a phrase expressing the essential marks of a species, genus, &c., 181 
Chartaceous, of the texture of paper or parchment. 
Chloros, Greek for green, whence Chloranthous, green-flowered; Chlorocarpout, 

green-fruited, &c. 
Chlorophyll, leaf green, 136. 

Chlorosis, a condition in which naturally colored parts turn green. 
Chttripetalous, same as polypetalous. 
Chorisis, separation of the normally united parts, or where two or more parts take 

the place of one. 
Chromule, coloring matter in plants, especially when not green, or when liquid. 
Chrysos, Greek for golden yellow, whence Chrysnnthous^ yellow-flowered, &c. 
Cicatrix, the scar left by the fall of a leaf or other organ. 
Ciliate, beset on the margin with a fringe of cilia, i. e. of hairs or bristles, like the 

eyelashes fringing the eyelids, whence the name. 
Cinereous, or Cineraceous, ash-grayish ; of the color of ashes. 
Circinate, rolled inwards from the top, 72. 
Circumsds4le, or Circumcissile, divided by a circular line round the sides, as the 

pods of Purslane, Plantain, &c., 124. 
Circumsciiption^ general outline. 
Cirrhiferous, or Cirrkose, furnished with a tendril (Latin, Cirrhus) ; as the Grape 

vine. Cirrhose also means resembling or coiling like tendrils, as the leaf- 
stalks of Virgin's-bower. More properly Cirrus and Cirrose, 
Citreous, leraon-yellow. 
Clados, Greek for branch. Cladophylla, 64. 
Class, 178. 183. 
Clas4Jication, 175, 183. 
Clathrate, latticed ; same as cancellate. 
Clavate, club-shaped ; slender below and thickened upwards. 
Chvellate, diminutive of clavate. 

Clavicuiate, having Clamcula^ or little tendrils or hooks. 
Cl'iw, the narrow or stalk-like base of some petals, as of Pinks, 91. 
Cleistogamous (Cleistogamy), fertilized in closed bud, 115. 
Clejl, cut into lobes, 55. 
Close fertilization, 115. 

Climbing, rising by clinging to other objects, 39, 151. 
Club-shaped, see clavate. 
Clustered^ leaves, flowers, &c., aggregated or collected into a bunch. 
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ClyptaU^ backlei^shaped. 

Coadunattf same as connate, i. e. united. 

CoatescerUf growing together. Coalescence, 88. 

Coarctate, contracted or brought close together. 

Coated, having an integument, or covered in layers. Coated bolbi, 46. 

Cobwtbby, same as arachnoid; bearing hairs like cobwebs or gossamer. 

Coccineous, scarlet-red. 

Coccus (plural cocci), anciently a beny; now mostly used to denote the separable 

carpels or nutlets of a dry fruit. 
CochXeariform, spoon-shaped. 
Cochleate, coiled or shaped like a snail-shell. 
Ccsloqfermous, applied to those fruits of UmbellifersB which have the seed hollowed 

on the inner face, by incurving of top and bottom; as in Coriander. 
Coherent, usually the same as connate. 

Cohort, name sometimes used for groups between order and class, 178. 
Coleorhiza, a root-sheath. 
Collateral, side by side. 
Collective fruits, 118. 

CoUum or Collar, the neck or junction of stem and root. 
Colored, parts of a plant which are other-colored than green. 
Columella, the axis to which the carpels of a compound pistil are* often attadied^ 

as in Greranium (112), or which is left when a pod opens, as in Azalea. 
Column, the united stamens, as in Mallow, or the stamens and pistils united inti 

one body, as in the Orchis family. 
Colujnnar, shaped like a column or pillar. 
Coma, a tuft of any sort (literally, a head of hair), 125. 
Comose, tufted; bearing a tuft of hairs, as the seeds of Milkweed, 126. 
Commissure, the line of junction of two carpels, as in the fruit of Umbellifero. 
Complanate, flattened. 

Compound leaf 54. 57. Compound pistil, 107* Compound umbelj 75, &c. 
Complete (flower), 81. 
Complicate, folded upon itself. 
Compressed^ flattened on opposite sides. 
Conceptacle^ 168. 
Condnnous, neat. 
Concolar, all of one color. 
Conchiform, shell- or half-shell- shaped. 
Conduplicate, folded upon itself lengthwise, 71. 
Cone, the fruit of the Pine family, 124. Coniferous, cone-bearing. 
Confertus, much crowded. 

Confei'ruminnte, stuck together, as the cotyledons in a horse-chestnnt 
Confluent, blended together; or the same as coherent. 
Ccnformed, similar to another thing it is associated with or compared to; Of dosel^ 

fitted to it, as the skin to the kernel of a seed. 
Congested, Conghmifrate, crowded together. 
Conglomerate, crowded into a glomerule. 
Conjugate, coupled; in single pairs. Conjugntion, 170. 
Connate, united or grown together from the first formation, 96. 
Connntf 'Perfoliate, when a pair of leaves are connate round a stem, 60. 
Connective, C'>nnectivum, the part of the anther connecting its two ceUe, lOL 
Connivent, converging, or brought close together. 
ConsuUfiation (floral), 94. 
Consolidated forms of vegetation, 47. 
Contents of cells, 136. 

Continuous, the reverse of interrupted or articniated. 
Contorted, twisted together. Contorted cestivation, same as convolute, 97 
Contortuplicate, twisted back upon itself. 
Contracted* either narrowed or shortened. 
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Contrary y turned in opposite direction to the ordinaiy. 

Convolute^ rolled up lengthwise, as the leaves of the Plum in remation, 72. In 

aestivation, same as contorted^ 97* 
Cordate^ heart-shaped, 53. 
Coriacevus, resembling leather in texture. 
Corkyj of the texture of cork. Corky layer of hark, 141. 
Cornif a solid bulb, like that of Crocus, 45. 
Corneous, of the consistence oi appearance of horn. 
Corrnculale, furnished with a small horn or spur. 
CoifitUe, horned; bearing a horn-like projection or appendage. 
Corolla^ the leaves of the flower within the calyx, 14, 79. 
CorollaceouSy Corolline^ like or belonging to a corolla. 

Corona^ a coronet or crown ; an appendage at the top of the emw of some petals, 91 
Coronate, crowned; furnished with a crown. 
Cortex, bark. Cortical, belonging to the bark (cortex). 
Corticate, coated with bark or bark-like covering. 
Corymbj a flat or convex indeterminate flower-cluster, 74. 
Corymbiftrous, bearing corymbs. 

^Corymbose, in corymbs, approaching the form of a corymb, or branched in that way, 
Costn, a rib; the midrib of a leaf, &c. Costate, ribbed. 
Cotyledons, the proper leaves of the embryo, 11, 127. 
Cratrriform, goblet-shaped or deep saucer-shaped. 
Creeping (stems), growing flat on or beneath the ground and rooting, 39. 
Cremocarp, a half-fruit, or one of the two carpels of Umbelliferae, 121. 
Crenate, or Crenelled, the edge scalloped into rounded teeth, 55. 
Cren'Alate, minutely or slightly crenate. 

Crested, or Ct'istate, bearing any elevated appendage like a crest. 
Cretaceous, chalky or chalk-like. 

Cribrose, or cribriform, pierced like a sieve with small apertures. 
Cnnite, bearing long hairs. 
Criqnite, curled or crispy. 
Croceous, saffron-color, deep reddish-yellow. 
Cross-breeds, the pro«?eny of interbred varieties, 176. 
Cross fertilization, 115. 
Croum, see corona. Crowned, see coronate. 
Cruciate, or Cruciform, cross-shaped. Cruciform Corolla^ 86. 
Crustaceous, hard and brittle in texture; crust-like. 
Cryptogamims Plants, Ci'yptognms, 10, 156. 
Cryptos, concealed, as Cryptopetalous, with concealed petals, &c. 
Crystals in plants, 137. 
Cucullate, hooded, or hood-shaped, rolled up like a comet of paper, or a hood 

(cucullus), as the spathe of Indian Turnip, 75. 
Culm, a straw; the stem of Grasses and Sedges, 39. 
Cultrate, shaped like a trowel or broad knife. 
Cnneate, Cuneiform, wedge-shaped, 53. 
Ctip-shaped, same as cyathiform or near it. 
Cupule, a little cup ; the cup to tiie acorn of the Oak, 122 
Cupular, or Cupulate, provided with a cupule. 
CupuUferous, cupule-bearing. 
Curviveined, with curved ribs or veins. 
Curvistrial, in oblique or spiral ranks. 
Cushion, the enlargement at the insertion or base of a petiole. 
Cuspidate, tipped with a sharp and stiff point or cusp, 54. 
Cut, same as incised, or applied generally to any sharp and deep division, 55. 
Cuticle, the skin of plants, or more strictly its external pellicle. 
Cyaneous, bright blue. 

Cyathiform, in the shape of a cup, or particularly of a wine-glass. 
Cycle, one complete turn of a spire, or a circle, 70. 
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Cyclical, rolled up circularly, or coiled into a complete circle. 

CycloaSf circulation in closed cells, 149. 

Cylindraceous, approaching to the Cylindrical form, terete and not taperiog. 

Cymbafoi'm, or Cymbiformf same as boat-shaped. 

Cyme, a cluster of centrifugal inflorescence, 77. 

Cymote, furnished with cymes, or like a cyme. 

Cymuley a partial or diminutive cyme, 77. 

Deca- (in words of Greek derivation), ten; as 

Decapynous, with 10 pistils or styles, DtcamerouSj of 10 parts, Decandroui^ with 

10 stamens, &c. 
Dedduou8<, falling off, or subject to fall : said of leaves which fall in aatnmn, and 

of a calvx and corolla which fall before the fruit forms. 

» 

Declinate, declinedf turned to one side, or downwards. 

Vecompoundj several times compounded or divided, 59. 

Decumbent, reclined on the ground, the summit tending to rise, 39. 

Decurrent (leaves), prolonged on the stem beneath the insertion, as in Thistlee. 

JDecussite, arranged in pairs which successively cross each other, 71. 

Deduplication, same as chorisis. 

Definite, when of a uniform number, and not above twelve or so. 

Definite Inflorescence, 72. 

Deflexed, bent downwards. 

Deflorate, past the flowering state, as an anther after it has dischai^d its pollen. 

Dehiscence, the regular splitting open of capsule or anther, 103, 119. 

Dehiacent, opening by regular dehiscence, 119, 123. 

Deliquescent, branching off so that the stem is lost in the branches 89. 

Deltoid, of a triangular shape, like the Greek capital A. 

Demersed, growing below the surface of water. i 

Den'lroid, Dendritic, tree-like in form or appearance. 

Dendron, Greek for tree. 

Deni, ten together. 

Dens, Latin for tooth. 

Dentate, toothed, 55. Denticulate, furnished with denticulations, or little teeth. 

Depauperate, impoverished or starved, and so below the natural size. 

Depressed, flattened or as if pressed down from above. 

Derma, Greek for skin. 

Descending, tending gradually downwards. Descending axis, the root. 

Desmos, Greek for things connected or bound together. 

Detei'minate Inflorescence, 72. 

Dextrorse, turned to the right hand. 

Di- Dis (in Greek compounds) two, as 

Diadelphous (stamens), united by their filaments in two sets, 99. 

Diagnosis, a sh'>rt distinguishing character or descriptive phrase 

DtalypHalous, same as polypetalous. 

Diandrous, having two stamens, &c. 

Di'iphanous, transparent or translucent. 

Dicarpellary, of two carpels. 

Dichlamydeous (flower), having both calyx and corolla. 

Dickogamous, Dichogamy, 116. 

Dichotomous, two-forked. 

Diclinous, having the stamens in one flower, the pistils in another, 85. 

Dicoccous (fruit), splitting into two cocci or closed carpels. 

Dicotyls, 33. 

Dicotyledonou* (embryo), having a pair of cotyledons, 23. Dicotyledonous Plants, 2$ 

189. 
Didymaut, twin. 

Didynamoui (stamens), having four stamens in two pairs, 100^ 
Diffuse, spreadin(i^ widely and irregularly- 



GLOSSARY AND INDEX. 203 

DigitaU (fiDgered), where the leaflets of a compound leaf are all borne on the apex 

of the petiole, 58. 
Digynous (flower), having two pistils or styles, 105. 
Dimerous f made up cf two parts, or its organs in twos. 
Dimidiate, halved; as where a leaf or leaflet has only one side developed. 
Dimorphism, 117. Dimorphous^ DimorphiCy of two forms, 117. 
DioRciouSf or Dioicous, with stamens and pistils on different plants, 85. 
Dipetnlous, of two petals. Diphyllous, two-leaved. Dipterous^ two-winged. 
Diplo-, Greek for double, as Diplostemonous, with two sets of stamens. 
Disciform or Disk-shaped^ flat and circular, like a disk or quoit 
Discoidal, or Discoid^ belonging to or like a disk. 
Discolor, of two different colors or hues. 
DiscrtUf separate, opposite of concrete. 
Disepalous, of two sepals. 
Diskf the face of any flat body; the central part of a head of flowers, like the San* 

flower, or Coreopsis, as opposed to the ray or margin ; a fleshy expansion of th« 

receptacle of a fl<»wer, 113. 
Disk-JiowerSy those of the disk in Compositse. 
Dissected, cut deeply into many lobes or divisions. 
Dissepiments, the partitions of a compound ovary or a fruit, 108. 
Di&sUlenl, bursting in pieces. 
Distichous, two-ranked. 
Distinct, uncombined with each other, 95. 
Dithecous^ of two thecae or anther-cel?s. 
Divaricate, straddling ; very widely divergent. 

Divided (leaves, &c.), cut into divi^^ions down to the base or midrib, 55. 
Dodeca, Greek for twelve ; as Dodecagynous, with twelve pistils or styles, Dode 

candrous, with twelve stamens. 
Dodrnns, span-long. 
Dolahnform, axe-shaped. 

Dorsal, pertaining to the back (dorsum) of an organ. Dorsal Suture, 106. 
Dotttd Ducts, 148. 

Double Flowers, where the petals are multiplied unduly, 79. 
Doumy, clothed with a coat of soft and short hairs. 
Drupaceous, like or pertaining to a drupe. 
Di-upe, a stone-fruit, 120. Drupelet or Drupel, a little drupe. 
Ducts, the so-called vessels of plants, 134. 
Dumose, bushy, or relating to bushes. 
Duramen, the heart-wood, 142. 
Dwarf, remarkably low in stature. 

E', as a preflx of Latin compound words, means destitute of; as eeottate, without • 

rib or midrib; exnlbuminous, without albumen, &c. 
Eared, see auiirulate, 53. 

Ebracteate, destitute of bracts. Ebracteolate, destitute of bractlets. 
Ebumeous, ivorv-white. 

Echinate, armed with prickles (like a hedgehog). Echinulate, a diminutive of it. 
Edentate, toothless. 

Effete, past bearing, &c.; said of anthers which have discharged their pollen. 
Effuse, very loosely branched and spreading. 
Eglnndulose, destitute of glands. 

Slaters, threads mixed with the spores of Liverworts, 165. 
Ellipstndal, approaching an elliptical figure. 
Elliptical, oval or oblong, with the ends regulariy rounded, 50. 
Emarginate, notched at the summit. 54. 
Embryo, the rudimentary plantlet in a seed, 11, 187. 
llmbryonal, belonging or relating to the embiyo- 
Emb^fosae, 117. 
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Emersedy raised out of water. 

Endecagynous, with eleven pistils or styles. Endecandroutj with eleven stameni 

EndemiCj peculiar to the country geographically. 

Endocarp^ the inner layer of a pericarp or fruit, 120. 

Endochrumty the coloring matter of Algte and the like. 

Endogefwui Stems j 138. Endogenotu plants, an old name for monocotyledons. 

Endopleura^ inner seed-coat. 

EruUn-hizaly radicle or root sheathed in germination. 

Endosperm^ the albumen of a seed, 21. 

Endostomty the orifice in the inner coat of an ovule. 

Ennea^j nine. Enneagynotu, with nine petals or styles. Enneandrous, nine-stamened 

Ensattf Ensifof^mf sword-shaped. 

Entire^ the margins not at all toothed, notched, or divided, but even, 55. 

Entomophilous, said of flowers frequented and fertilized by insects, 113. 

Ephemeral, lasting for a day or less, as the corolla of Purslane, &c. 

Epi-f Greek for upon. 

Epicalyx, such an invohicel as that of Malvaceae. 

Epicarpy the outermost layer of a fruit, 120. 

Epidei'maly relating to the Epidtrmis, or skin of a plant, 50, 141, 143* 

EpigcBouSj growing un the earth, or close to the ground. 

Epigynous, upon the ovary, 95, 99. 

Epipttalous^ borne on the petals or the corolla, 99. 

EpiphyllouSj borne on a leaf. 

Epiphyte^ a plant growing on another plant, but not nourished by it, 36. 

Epiphytic or Epiphytal, relating to Epiphytes, 

EpipterouSy winged at top. 

Epispermy the skin or coat of a seed, especially the outer coat. 

Equal, alike in number or length. 

Equally pinnate, same as abruptly pinnate, 57. 

Equitant (riding straddle), 60. 

Erion, Greek for wool. Erianthous, woolly-flowered. Eriophorottt, wool-bearing, &c 

Erase, eroded, as if gnawed. 

Erostrate, not beaked. 

Erythros, Greek for red. Erythrocarpous, red-fruited, &c. 

Essential Organs of the flower, 80. 

Estivation, see asstivation. 

Etiolated, blanched by excluding the light, as the stalks of Celery. 

Eu, Greek prefix, meaning very, or much. 

Evergreen, holding the leaves over winter and until new ones appear, or longer. 

Ex, Latin prefix; privative in place of "e" when next letter is a vowel. So Ex* 

alate, wingless; Exalbuminous (seed), without albumen, 21. 
Excurrent, running out, as when a midrib projects beyond the apex of a leaf, or a 

trunk is continued to the very top of a tree, 32. 
3"iguous, puny. 
Erilis, lank or mpagre. 
E'cimius, distinguished for size or beauty. 
Fxo-, in Greek compounds, outward, as in 
Exocarp, outer layer of a pericarp, 120. 
Exogemms, outward growing. Exogenous stems, 189. 
Exorhizal, radicle in germination not sheathed. 
Exostome, the ori^ce in the outer coat of the ovule. 
Explanate, spread or flattened out. 

Exserted, protruding out of, as the stamens out of the corolla. 
Exslipulate, destitute of stipules. 
Extine, outer coat of a pollen-grain. 

Extra-axillary, said of a branch or bud somewhat out of the axil, 31. 
Extrorse, turned outwards ; the anther is extrorse when fastened tv the filament oa 

the side next the pistil, and opening on the outer side. 101. 
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Faleatef scytho^haped; a flat body curved, its edges parallel. 

False Racemes, 78. 

Family t in botany same as Order, 177. 

FarifMf meal or starchy matter, 136. 

Farifiaceous, mealy in texture. Farinose, covered with a mealy powder. 

Fcudate, banded; also applied to monstrous stems which grow flat. 

Fascicle^ a close cluster, 77. 

Fascicled, Fasciculated, growing in a bundle or tuft, as the leaves of lArch, 68, and 

roots of Peony, 35. 
Fastigiate, close, parallel, and upright, as the branches of Lombardy Poplar. 
Fnux (plural, yhucef), the throat of a calyx, corolla, &c., 89. 
Faveolate^ Favose, honeycombed; same as alveolate. 

Feather-veined, with veins of a leaf all springing from the sides of a midrib, 51. 
Fecula or Fcscula, starch, 136. 
Female flower or plant, one bearing pistils only. 
Fenestrate, pierced with one or more large holes, like windows. 
Ferrugineous, or Ferruginous, resembling iron-rust; red-grayish. 
Fertilf, fruit-bearing, or capable of it ; also said of anthers producing good pollen. 
FertUizatiim, the process by which pollen causes the embryo to be formed, 114. 
Fibre (wooily), 133. Fibrous^ containing much fibre, or composed of fibres. 
Fibrilluse, formed of small fibres, or Fibrillar, 
Fibro-vascular bundle or tissue, formed of fibres and vessels. 
Fiddle-shaped, obovate with a deep recess on each side. 
Fidus^ Latin suffix for cleft, as Bifid, two-cleft. 

Filament, the stalk of a stamen, 14, 80, 101 ; also any slender thread-shaped body. 
Fihmenfose, or Filamentous, bearing or formed of slender threads. 
Fdi/ttrm, thread-shaped; long, slender, and cylindrical. 
Fimbriate, fringed; furnished with fringes (JiinbricB). 
Fimbrillate, Fimbfilli/trous^ bearing small ji?m6rticB, i. e.fimbnlks. 
Fissiparous, multiplying by division of one body into two. 
Fissus, Latin for split or divided. 

Fistidnr, or Fistulose, hollow and cylindrical, as the leaves of the Onion. 
Flabellijorm, or Flabellate^ fan-shaped. 
Flagellate, or FlngeUiform, lonor, narrow, and flexible, like the thong of a whip; oi 

like the runners (fiayellai) of the Strawberry. 
Flavescent, yellowish, or turning yellow. 
Flfwus, Latin for yellow. 
Fleshy, composed of firm pulp or flesh. 

Flexuose, or Flexuous, bending in opposite directions, in a zigzag way. 
Floating, swimming on the surface of water. 

Floccose, composed of or bearing tufts of woolly or long and soft hairs. 
Flora (the goddess of flowers), the plants of a country or district, taken together, or 

a work systematically describing them, 9. 
Floral Envelopes, or Floioer-leaves, 79. 
Floret, a diminutive flower, one of a mass or cluster. 
IFloribund, abundantly floriferous. 
Flarula, the flora of a small district. 
Flo», fltn'is^ Latin for flower. 
Flosculus, diminutive, same as floret. 

Flower, the whole organs of reproduction of Phsenogamous plants, 14, 72. 
Flower-hud, an unopened flower. 
Flowering Plantt, 10, 156. Flowerless Plants, 10, 156. 
Fly-trap leaves, 65. 

Fluitans, Latin for floating. Fluviatile, belonging to a river or stream. 
Foliaceous, belonging to, or of the texture or nature of, a hai' (folium). 
Foliate, provided with leaves. I^atin prefixes denote the number of leaves, as bifo^ 

liate, trifolittte, &c. Foliose, leafy; abounding in leaves. 
Fdiolate, relating to or bearing leaflets (foliola) ; trifoliate, with three leaflets. &c- 
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Folium (plural, folia), Latin for leaf. 

FulUcle, a simple pod, opeuing down the inner suture, 19S. 

Follicular, resembling or belonging to a follicle. 

Food of Plants, 144. 

Footstalk, either petiole or peduncle, 49. 

Foramtn, a hole or orifice, as that of the ovule, 110. 

Foraminost, Foraminulose^ pierced with holes. 

Forked, branched in two or Ihree or more. 

Fornicate, bearing fornices. 

Fornix, little arched scales in the throat of some corollas, as of Comfrey. 

Fovtate, deeply pitted. Foveolate, diminutive of foveate. 

Free, not united with any other parts of a different sort, 95. 

Fringed, the margin beset with slender appendages, bristles, &c. 

Frond, what answers to leaves in Ferns, ^c, 167; or to the stem and leaves fused 

into one, as in Liverwort. 
Frontfescefice, the bursting into leaf. 

Frondose^ f roud-bearing ; like a frond, or sometimes used for leafy. 
Fructification, the state or result of fruiting. 
Fructus, Latin fur fruit. 

Frutt, the matured ovary and all it contains or is connected with, 117. 
Fruit-dots in Ferns : see Sorus. 

Frustulose, consisting of a < bain of similar pieces, or Frustules. 
Frutescent, somewhat shrubby; becoming a shrub {Fruttz), 39. 
Fruticulose, like a small shrub, or Finiticulut, Fruticose, shrubby, 88. 
Fugacious, soon falling; off or perishing. 
Fulcrate, having accessory organs or fulcra, i. e. props. 
Fulvous, tawny; dull yellow with gray. 
Fungus, Fungi, 172. 

Funicle, Funii ulus, the stalk of a seed or ovule, 110. 
Funntlfoitn, or funnel-shaptd, expanding gradually upwards into an open mouth, 

like a funnel or tunnel, 90. 
Furcate, forked. 

Furjuraceous, covered with brsn-like fine scurf. 
Furrowed, marked by longitudinal channels or grooves. 
Fuscous, deep gray-brown. 
Fusiform, spindle-shaped, 36. 

Galbfdus, the fleshy or at length woody cone of Juniper and Cypress. 

Galea, a helmet-shaped body, as the upper sepal of the Monkshood, 87. 

Galeate, shaped like a helmet. 

Gamopetafous, of united petals, 89. 

Gamophyllous, fonned of united leaves. Gamosepalout, formed of united sepals, 89 

Geminatt, twin ; in pairs. 

Gemma, Latin for a bud. 

Gemmation, the .state of budding; budding growth. 

Gemmule, a small bud; the plumule, 6. 

Genera^ plural of genus. 

Geniculate, bent abruptly, like a knee (genu), as many stems. 

Generic Names, 179. 

Genus, a kind of a rank above species, 177. 

Germ, a growing point; a young bud; sometimes the same as embryo, 197, 

Germen, the old name for ovary. 

Germination^ the development of a plantlet from the seed, 12. 

Geronfogasous, inhabiting the Old World. 

Gibbous^ more tumid at one place or on one side than the other 

Gilvous, dirty redd ish-j^el low. 

Glnbrate, becoming glabrous with age, or almost glabrous. 

GlabrowL smooth, in the sense of having no hairs, bristles, or other pubescenoe' 



GLOSaARY AND INDEX. 207 

Ghdiatef sword-ehapedt as the leaves of Iris. 

Glands, small cellular organs which secrete oily or aromatic or other products ; they 

are sometimes sunk in the leaves or rind, as in the Orange, Prickly Ash, &c. ; 

sometimes on the surface as small projections; sometimes raised on hairs or 

bristles (glandular hairs, ^c), as in the Sweetbrier and Sundew. The name is 

also given to any small swellings, &c., whether they secrete anything or not; so 

that the word is loosely used. 
Glandular, Glanduluse, furnished with glands, or gland-like. 
Glana (Gland), the acorn or mast of Oak and similar fruits. 
Glareost, growing in gravel. 
Glaucescent, slightly glaucous, or bluish-gray. 
Glaucous, covered with a bloom, viz. with a fine white powder of wax that rubs off, 

like that on a fresh plum, or a cabbage-leaf. 
Globose, spherical in fonn, or nearly so. Globular, nearly globose. 
Glochidiate, or Glochideous, (bristles) barbed; tipped with barbs, or with a double 

hooked point. 
Glomerate, closely aggregated into a dense cluster. 
Glomerule, a dense bead-like cluster, 77. 

Glossology, the department of botany in which technical terms are explained. 
Glumaceuus, glume-like, or glume-bearing. 
Glume ; Glumes are the husks or floral coverings of Grasses, or, particularly, the 

outer husks or bracts of each spikelet. 
Glumelles, the inner husks of Grasses. 
Gonophvre, a stipe below stamens, 113. 
Gossypine, cottony, flocculent. 
Gracilis, Latin for slender. 
Grain, see Caryopsis, 121. 
Gramineous, grass-like. 

Granular, composed of grains. Gramde, a small grain. 
Graveolent, beaxy-scented. 
Griseous, gray or bluish-gray. 
Grotcth, 129. 

Grumous, or Grumose, formed of coarse clustered grains. 
GuUate, spotted, as if by drops of something colored. 
Gymnos, Greek for naked, as 

Gymmtcarjwus, naked-fruited. Gymnospermotu, naked-seeded, 109. 
Gymnospennous t/yncBcium, 109. 
Gymnospei'm4B, or Gymnosptrmous Plants, 183. 
Gynandrous, with stamens borne on, i. e. united with, the pistil, 99. 
Gynaecium, a name for the pistils of a flower taken altogether, 105. 
Gynobdse, a depressed receptacle or support of the pistil or carpels, 114. 
Gynophore, a stalk raising a pistil above the stamens, 113. 
Gynosteyium, a sheath around pistils, of whatever nature. 
Gynostemium, name of the column in Orchids, &c., consisting of style and stigma 

with stamens combined. 
Gyrate, coiled or moving circularly. 
Gyrose, strongly bent to and fro. 

Habit, the genera] aspect of a plant, or its mode of growth. 
Habitat, the situation or country in which a plant grows in a wild state. 
Hairs, hair-like gri)wths on the surface of plants. 
Hniry, beset with hairs, especially longish ones. 
Halberd-shaped, see hastate, 53. 

Halved, when appearing as if one half of the body were cut away. 
Hamate, or Hnmose, hooked ; the end of a slender body bent round. 
Hamutose, bearing a small hook; a diminutive of the last. 

Hc^lo-^ in Greek compounds, single; as Haplostemonous, having only one series of 
stamens. 
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Hcutate, or B<utUe^ shaped like a halberd; furnished with a spreading lobe on each 

side at the base, 53. 
Bead J capital um, a form of inflorescence, 74. 
Heartshuped, of the shape of a heart as painted on cards, 53. 
Beart-woodf the older or matured wood of exogenous treo^ 14S* 
Helicoidf coiled like a helix or snail-shell, 77. 
Belmet, the upper sepal of Monkshood is so caUed. 
BelvolouSf grajish-yellow. 

Hemi' in compounds from the Greek, half; e. g Betniq)hertealf &e. 
Betnicarpf half-fruit, one carpel of an Umbelliferous plant, 121. 
Bemitropous (ovule or seed), nearly same as amphitropouSf 123. 
BeptO' (in words of Greek origin), seven; as BeptagynouSy with seven pistils oi 

styles. BeptamerouSf its parts in sevens. Beptandrotis, having seven stamens 
Berbj plant not woody, at least above ground. 
Berbaceout, of the texture of an herb ; not woody, 39. 
Berbarium^ the botanist^s arranged collection of dried plants, 186. 
Berborization^ 184. 

Bermapkrotiite (flower), having stamens and pistils in the same blossom, 81. 
Betperidium^ orange-fruit, a hard-rinded berry. 
Betero-, in Greek compounds, means of two or more sorts, as 
BeterocarpotUf bearing fruit of two kinds or shapes. 
BeterogamouSy bearing two or more sorts of flowers in one cluster. 
Beterogontfy Htterogone, or ffeierogonouSy with stamens and pistil reciprocallj of 

two sorts, 116. Btterostyled is same. 
BeteromorpkouSy of two or more shapes. 
BeterophyUoits, with two sorts of leaves. 
Btterotropous (ovule), the same as amphitropouSy 123. 
Bexa- (in Greek compounds), six; as Hexagonal^ six-angled, Bexapynous, with 

six pistils or styles. BexamerouSy its parts in sixes. Bexandrout^ with six 

stamens. BexapttrouSy six-winged 
Bibemaculumy a winter bud. 
Biemaly relating to winter. 
BUaVy belonging to the hilum. 

Bilumy the scar of the seed; its place of attachment, 110, 120. 
Bippocrtpiformy horseshoe-shaped. 
BirsutCy clothed with stiflish or beard-like hairs. 
Birtelloutiy minutely hirsute. 

Bispidy bristly, beset with stiff hairs. BispidulcuSy diminutive of hispid. 
Bistologyy 9. 

Boary^ grayish-white ; see canescenty &c. 
BotostriceouSy all over sericeous or silky. 
Bimio-y in Greek compound'*, all alike or of one sort. 
Bomodromous, running in one direct irn. 
Bomogamousy a head or cluster with flowers all of one kind, 
BomogeneouSy uniform in nature; all of one kind. 
Birmogoney or BomogonouSy counterpart of Heterogone or Bnmontyled. 
BomologouSy of same type ; thus petals and sepals are the homologues of leaves. 
Bomomatlous (leaves, &c.), originating all round an axis, but all bent or curved 

to one side. 
BomorpkiiuSy all of one shape. 

Bomotropous (embryo), curved with the seed; curved only one way. 
Boody same as helmet or galea. Boodedy hood-shaped; see cucullate, 
Bookedy same as hamate, 

BoiHy a spur or some similar appendage. Bornyy of the texture of horn. 
Boiiensiif, pertaining to the garden. 

Eortus SiccuSy an herbarium, or collection of dried plants, 201. 
Bumifusey Bumistrniey spread over the surface of the ground 
Bumiliu low in stature 
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ffyaline^ transparent, or partly so. 

Hybrid^ a cross-breed between two allied species, 176. 

Hydrqphytei, water-plants. 

ffyetnalf see hiemal. 

Hymenium of a Mushroom, 172. 

HypafUhiumf a hollow flower-receptacle, snch as that of Rose. 

Hypo-f Greek prefix for under, or underneath. 

Hypocotyle^ or Hypocotyl, part of stem below the cotyledons, 11. 

Hypocraterifomif properly Hypocratei'imorphouSy salver-shaped. 

HypogcMLny or Hypogceotts, produced under ground, 19. 

ffypogynous, inserted under the pistil, 95, 99. 

HytUranthous, with the blossoms developed earlier than the leaves. 

Icosandrous, having 20 (or 12 or more) stamens inserted on the calyx. 

Imberbis, Latin for beardless. 

Imbricate, Imbricated f Imhricative^ overlapping one another, like tiles or shingles 

on a roof, as the budnBcales of Horse-chestnut and Hickory, 27. In aestivation, 

where some leaves of the calyx or corolla are overlapped on both sides by 

others, 98. 
Immarginatej destitute of a rim or border. 
Jmmeraedf growing wholly under water. 
Impari-pinnate, pinnate with a single leaflet at the apex, 57. 
Imperfect ^fiowerSy wanting either stamens or pistils, 85. 
Iruequilateralj unequal-sided, as the leaf of a Begonia. 
Inane f empty, suid of an anther which produces no pollen, &c. 
InappendictUatef not appendaged. 
Incanous, Incanescent, hoary with soft white pubescence. 
Incarnate, flesh-colored. 
Incised, cut rather deeply and irregularly, 58. 

Included^ enclosed; when the part in question does not project beyond another. 
Incomplete Flower, wanting calyx or corolla, 86. 
Incrassated, thickened. 

Inaiboui, with tip of one leaf lying flat over the base of the next above. 
Incumbent, leaning or resting upon; the cotyledons are incumbent when the bsck oi 

one of them lies against the radicle, 128; the anthers are incumbent when 

turned or looking inwards. 
Incurved, gradually curving inwards. 

Indefinite, not uniform in number, or too nnmerous to mention (over 12). 
Indefinite or Indeterminate Infiorescence, 72. 
Indekiscent, not splitting open ; i. e. not dehiscent, 119. 
Indigenous, native to the country. 
Individuals, 175. 

Indumentum, any hairy coating or pubescence. , 

Induplicate, with the edges turned inwards, 97. 
Induviate, clothed with old and withered parts or infJuvice, 
Indusium, the shield or covering of a fruit-dot of a Fern, 159. 
Inermis, Latin for unarmed, not prickly. 
Inferior, growing below some other organ, 96. 
Infertile, not producing seed, or pollen, as the case may be. 
Inflated, turgid and bladdery. 
Inflexed, bent inwards. 

Inflorescence, the arrangement of flowers on the stem, 72. 
Infra-axillnry, situated beneath the axil. 
Infundibuliform or Infundibular, funnel-shaped, 90. 
Innate (anther), attached by its base to the very apex of the filament, 101. 
Innovation, a young >*hoot, or new growth. 

insertion, the place or the mode of attachment of an orcran to its support, 95, 99 
Integer, entire, not lobed. Integerrimus, quite entire, not serrate. 

14 
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Intercellular Passages or Spaces, 131, 148. 

InterfoliaceotUf between the leaves of a pair or whorl. 

IrUemode, the part of a stem between two nodes, 13. 

IiUerpetiolar^ between petioles. 

Interruptedly pinnate^ pinnate with small leaflets intermixed with larger. 

Inline^ inner coat of a pollen grain. 

Intra/oliaceous (stipules, &c.)t placed between the leaf or petiole and the stem. 

Introrse, turned or facing inwards; i. e. towards the axis of the flower, 101. 

IntruiCy as it were pushed inwards. 

Inversed or Inverted^ where the apex is in the direction opposite to that of the oi^an 
it is compared with. 

Involucelf a partial or small involucre, 76. 

InvUuceUate, furnished with an involucel. Involucrate, furnished with an involucre. 

Inv- lucre, a whorl or set of bracts around a flower, umbel, or head, &c., 74, 75. 

Involute, in veniation, 72; rolled inwards from the edges, 97. 

Irregular Flowers, 86, 91. 

Isos, Greek for equal in number. Isomerous, the same number in the successive cir- 
cles or sets. Isostemonous, the stamens equal in number to the sepals or petals. 

Jointed, separate or separable at one or more places into pieces, 64, &c. 

Jugum (plural Juga), Latin for a pair, as of leaflets, — thus Cnifugate, of a single 

pair; Bijugate, of two pairs, &c. 
Julaceus, like a catkin or Julus, 

Keel, a projectinfr ridji^e on a surface, like the keel of a boat ; fhe two anterioi 

petals of a papilionaceous corolla, 92. 
Keeled, furnished with a keel or sharp longitudinal ridge. 
Kermesine, Carmine-red. 
Kernel of the ovule and seed, 110. 
Key^ or Key-fruit, a Samara, 122. 
Kidney-shaped, resembling the outline of a kidney, 68. 

Labellum, the odd petal in the Orchis Family. 

Labiate^ same as bilabiate or two-lipped, 92. 

Lnbintijiorons, having flowers with bilabiate corolla. 

Labium (plural, Labia), Latin for lip. 

Lacerate, with margin appearing as if torn. 

Lacmiate, slashed; cut into deep narrow lobes or Lacinia. 

Lactescent, producing milky juice, as does the Milkweed, &c. 

Lacteus, Latin for milk-white. 

Lacunose^ full of holes or gaps. 

Lacustrine, belonging to lakes. 

LcBvigate, smooth as if polished. Latin, Lcevis, smooth, as opposed to roogfa. 

Lageniform, gourd-sha pcd . 

Lagffp'ius, Latin, hare-footed ; densely clothed with long soft hairs. 

Lamellar or Lamellate, consisting of flat plates, Lamellcs. 

Lamina, a plate or blade, the blade of a leaf, &c., 49, 

Lanate^ Lanose^ woolly; clothed with long and soft entangled hain. 

Lanceolate, lance-shapcd, 52. 

Lanuginous, cottony or woolly. 

Latent buds, concealed or undeveloped buds, 30. 

Lateral, belonging to the side. 

hatex, the milky juice, &c., of plants, 135. 

Lax (Laxus), loose in texture, or sparse; the opposite of crowded. 

Leaf, 49. Leaf-buds, 31. 

Leaflet, one of the divisions or blades of a compound leaf, 67. 

Leaf-like, same an foliaceous. 

Leathery, of about the consistence of leather ; coriaceoua. 
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Legumef a simple pod which dehisces in two pieces, like that of the Pea, 19B. 

LeguminouSf belonging to legumes, or to the Leguminous Family. 

LentieulaVf lens-shaped ; i. e. flattish and convex on both sides 

Lnppacevus^ bur-like. 

LcuiOf Greek for woolly or Iiairy, as Latianthus, woolly-flowered. 

LateritiotUf brick-colored. 

LaiiciferotUf containing latex, 138. 

Lotus, Latin for broad, as Latifolius, broad-leaved. 

Leaf-scar^ Leaf stalky petiole. 

LenticeU, lenticular dots on young bark. 

Lentiginoses as if freckled. 

Lepal, a made-up word for a staminode. 

Lepis^ Greek for a scale, whence Lejndote, leprous; covered with scurfy scales. 

LeptoSj Greek for slender; so Leptophyllous^ slender-leaved. 

Leukos^ Greek for white.; whence LeuianfhouSj white-flowered, &e. 

Liber, the inner bark of Exogenous stems, 140. 

Lid, see operculum, 

Lignecus, or Lignose, woody in texture. 

Ligulnte, furnished with a ligule, 93. 

LigttUf LigulOf the strap-shaped corolla In many CompositsB, 93; the membranoui 

appendage at the summit of the leaf-sheaths of most Grasses, 57* 
Limb, the border of a corolla, &c., 89. 
lAmbate, bordered (Latin, LimbuSy a border). 
Line, the twelfth of an inch ; or French lines, the tenth. 
Linear, narrow and flat, the margins parallel, 52. 

Lineate^ marked with parallel lines. Lineolate, marked with minute lines. 
Lingulntef Linguiform, tongue-shaped. 
Lipf the principal lobes of a bilabiate corolla or calyx, 92. 
Liloral or Littoral, belonging to the shore. 
Lividy pale lead-colored. 

Lobe^ any projection or division (especially a rounded one) of a leaf, &e. 
Lobtd or Lobate^ cut iuto lobes, 55, 56; Lobulatf, into small lobes. 
Locellate, having Locelli, i. e. compartments in a cell : thus an anther-cell is often 

bilocellate, 
Loculament, same as loculus, 

Locular, relating to the cell or compartment (Loculus) of an ovary, &c. 
Loculicidal (dehiscence), splitting down through the back of each cell, 123. 
Locustn, a name for the spikelet of Grasses. 

Lodicule, one of the scales answering to perianth-leaves in Grass-flowers. 
Loment, a pod which separates transversely into joints, 122. 
LomentaceouSy pertaining to or resembling a loment. 
Lorate, thong-shaped. 

Lunate, crescent-shaped. Lunulate, diminutive of lunate. 
Lupuline, like hops. 

Lusus, Latin for a sport or abnormal variation. 
Luteulus, yellowish; diminutive of 
LuteuSn Latin for yellow. Lutescent, verging to yellow. 
Lyrate, lyre-shaped ; a pinnatifid leaf nf an obovate or spatulate outline, the end* 

lobe large and roundish, and the lower lobes small, as in fig. 149. 

MacroSy Greek for long, sometimes also used for large ; thus MacrophylhuB^ lonjf> 

or large-leaved, &c. 
Macro^Mre, the large kind of spore, when there are two kinds, 160, 161. ' 
Maculate, spotted or blotched. 

Male (flowers or plants), having stamens but no pisUL 
Mammose^ breast-shaped. 
Marcescent, withering without falling ofL 
Marginal, belonging to margin. 
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ifargmatef margined with an edge different from the rest 

Marginicidal dthiscenctj 123, 

Maritime^ belonging to sea-coaste. 

Marmoratej marbled. 

M(u,f Masc,^ MascuUnef male. 

Massed, see personate. 

Mealy, nee farinaceous. 

Median, Medial, belouging to the middle. 

Medijixed, attached by the middle. 

Medullary f belonging to or of ttie nature of, pith (Medulla)'^ pithy 

Medulliry Rays, the silver-grain of wood, 140, 141. 

Medullary Sheath, a set of ducts just around the pith, 140. 

Meiostrtnonous, having fewer stamens than petals. 

Membranaceous or Membranous, of the texture of membrane; thin and sofL 

Meniscoid, crescent-shaped. 

Mericarp, one carpel of the fruit of an Umbelliferous plant, 121. 

Merismatic^ separating into parts by the formation of partitions across. 

Merous, from the Greek for part; used with numeral prefix to denote the number of 
pieces in a set or circle : as Monomerous, of only one, Dimerous, with two^ 7W- 
merous, with three parts (sepals, petals, stamens, &c.) in each circle. 

Mesocarp, the middle part of a pericarp, when that is distinguishable Into three 
lavers, 120. 

MesophloBum, the middle or green bark. 

Micropyle, the closed orifice of the seed, 110, 126. 

Microspore, the smaller kind of spore when there are two kinds, 16L 

Midrib, the middle or main rib of a leaf, 50. 

Milk-vessels, 138. 

Miniate, vermilion-colored. 

Mitriform^ mitre-shaped: in the form of a peaked cap, or one cleft at the tO|>. 

MonUiform, necklace-shaped; a cylindrical body contracted at intervals. 

Mtmocarpic (duration), flowering and seeding but once, 38. 

Monochlamydeotu, having only one floral envelope. 

Monocotyled<mous (embrj'o), with only one cotyledon, 24. 

Monocotyledonous Plants, 24. Monocotyls, 24. 

MonaciouSy or Monoicous (flower), having stamens or pistils only, 85. 

Monogynous (flower), having only one pistil, or one style, 105. 

Mtmopefalous (flower), with the corolla of one piece, 89. 

Moncphyllous, one-leaved, or of one piece. 

Monos, Greek for solitary or only one; thus Monadelphous, stamens united by theli 
filaments into one set, 99 ; Monandrous (flower), having only one stamen, 100. 

Monosepalous^ a calyx of one piece; i. e. with the sepals united into one body. 

Monospermous, one-seeded. 

Monstrosity, an unnatural deviation from the usual structure or form. 

Morphology, Morphological I Botany, 9; the department of botany whkh treats of 
the forms which an organ may assume. 

Moschate, Musk-like in odor. 

Movements, 149. 

Mucronate, tipped with an abrupt short point (Mucro), 54. 

Mucronulate, tipped with a minute abrupt point; a diminutive of the last. 

MtUti', in composition, many; as Multangular, many-angled; Multicipital, many- 
headed, &c.; Multifarious, in many rows or ranks; Multifid, many-deft; MtU 
tilocular, many-celled; Multiserial, in many rows. 

Multiple Fruits, 118, 124. 

Murieate, beset with short and hard or prickly points. 

Muriform, wall-like; resembling courses of bricks in a wall. 

Muticout, pointless, blunt, unarmed. 

Mycelium, the spawn of Fungi; i. e. the filaments from which Mushrooms, &c., 
originate, 172. 
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Niahedf wanting some usual covering, as achlamydeoos flowers, 86, gynmospermoof 
seeds, 109, 125, &c. 

Names in botany, 179. 

Nanus^ Latin for dwarf 

Nafn/onUf tumip-sbapea, 85. 

Natural St/sttm, 182. 

Naturalized^ introduced from a foreign country, and flourishing wfld* 

Navicular, boat-shaped, like the glumes of most Grasses. 

Necklace-shaped f looking like a string of beads; see moniliform* 

NectaVf the sweet secretion in flowers from which bees make honey, &c. 

NectariferouSf honey-bearing; or having a nectary. 

Nectary^ the old name for petals and other parts of the flower when of unusual 
shape, especially when honey-bearinj;. So the hollow spurnshaped petals of 
.Columbine were called nectaries; also the curious long-clawed petids of Monks* 
hood, 87, &c. 

Needle^haped^ long, slender, and rigid, like the leaves of Pines. 

Ntmorose or Nemoral, inhabiting groves. 

Nerve, a name for the ribs or veins of leaves when simple and parallel, 5^ 

Nerved, furnished with nerves, or simple and parallel ribs or veins, 50. 

Nervose, conspicuously nerved. Ncrvulose, minute!}' nervose. 

NeUed-veined, furnished with branching veins forming network, 50, 51 

Neuter, Neutral, sexless. Neutral flo iff er, 79. 

Niger, Latin for black. Nigricans, Latin for verging to black. 

Nitid, shining. ^ 

Nival, living in or near snow. Niveus^ snow-white. 

Nodding, bending so that the summit hangs downward. 

Node, a knot; the "joints " of a stem, or the part whence a leaf or a pdr of leaves 
springs, 13. 

Nodose, knotty or knobby. Nodulose, furnished with little knobs or knots. 

Nomenclature, 175, 179. 

Normal, according to rule, natural. 

Notate, marked with spots or lines of a different color. 

Nucamentaceous, relating to or resembling a small nut 

Nuciform, nut-shaped or nut-like. 

Nucleus, the kernel of an ovule (110) or seed (127) of a cell. 

Nucule, same as nutlet. 

Nude, (Latin. Nudus), naked. So Nudicaulis, naked-stemmed, &c. 

Nut, Latin Nux, a hard, mostly one-seeded indehiscent fruit; as a chestnut, butter- 
nut, acorn, 121. 

Nut^nt, nodding. 

Nutlet, a little nut; or the stone of a drupe. 

Ob- (meaning over against), when prefixed to words signifies inversion; as, Ob* 
compresnefl, flattened the opposite of the usual way ; Obcordate, heart-shaped, 
with the broad and notched end at the apex instead of the base, 54; OUance' 
olate, lance-shaped with the tapering point downwards, 52. 

Oblique, applied to leaves. &c., means unequal-sided. 

Oblong, from two to four times as long as broad, 52. 

Obovate, inversely' ovate, the broad end upward, 53. Obovoid, solid obovate. 

Obtuse, blunt or round at the end, 54. 

Obverse, same as inverse, 

Obvolute (in the bud), when the margins of one piece or leaf alternately overlap 
those of the opposite one. 

Ocellnte, with a circular colored patch, like an eye. 

Ochroleucous, yellowish-white ; dull cream-color. 

Ocreate, furnished with Ocrea (boots), or stipules in the form of sheaths, 67. 

OctO'f Latin for eight, enters into the composition of Octagynous, with eight pistils 
or styles; Octamerous, its parts In eights; Octandrous, with eight stamens, &c 
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OcvlaUy with eye-flhaped marking. 

Officinale used in medicine, therefore kept in the sliope. 

Off$tt, stiort brandies next the ground which take root; 40. 

(Hdet^ termination, from the Greek, to denote likeness; so Dianthoides, Pink-Ilke. 

OleraceoWf escalent, as a pot-herb. 

OUgoSf Greek for few; thus OUgarUhouSf few -flowered, &c. 

Olivaceous, olive-|in%en. 

Oophoridiumf a name for 3pore-case containing macrospores. 

Opaque, applied to a surface, means dull, not shining. 

Operculate, furnished with a lid {Operculum), as the spore-case of Mosses, 163. 

Opposite, said of leaves and branches when on opposite sides of the stem from each 

other (i. e. in pairs), 29, 68. Stamens are opposite the petals, &c., when they 

stand before them. • 

Oppositifoliiu, situated opposite a leaf. ^ 

Orbicular, Orbiculate, circular in outline, or nearly so, 52. 
Order, group below class, 178. Ordinal names, 180. 
Organ, any member of the plant, as a leaf, a stamen, &c. 
Organography, study of organs, 9. Organogenesis, that of the development of 

organs. 
Orgyalis, of the height of a man. 
Orthos, Greek for straight; thus, Orthocarpous, with straight fruit; Orthosiickous, 

straight-ranked. 
Orihotroptnu (ovule or seed), 111. 
Osseous, of a bony texture. 

Outgrowths, growths from the surface of a leaf, petal, &c. 
Oval, broadly elliptiC'i], 52. 

Ovary, that part of the pistil containing the ovules or future seeds, 14, 80, 105. 
Ovate, shaped like an eg^, with the broader end downwards; or, in plain surfaces, 

such as leaves, like the section of an %gg lengthwise, 52. 
Ovoid, ovate or oval in a solid form. 

Ovule, the body which is destined to become a seed, 14, 80, 105, 110. 
Ovuti/erous, ovule-bearing. 

Palate, a projection of the lower lip of a labiate corolla into the throat, as In Snap* 

dragon, &c. 
Falea (\)\\ir&\ pnlece), chaff; the inner husks of Grasses; the chaff or bracts on the 

receptacle of many Compositae, as Coreopsis, and Sunflower. 
Paleaceous, furnished with chaff, or chaffy in texture. 
Paleolate, having PaleoUe or palese of a second order, or narrow palesB. 
Palet, English term for palea. 
Palmate, when leaflets or the divisions of a leaf all spread from the apex of the 

petiole, like the hand with the outspread fingers, 57, 58. 
Palmately (veined, lobed, &c.), in a palmate manner, 51, 56. 
Palm'itijid, -loberf, -sect, palmately cleft, or lobed, or divided. 
Paludose, inhabiting marshes. Palustrine, same. 
Pandurifivrm, or Pandurate, flddle-shaped (which see). 
Panicle, an open and branched cluster, 81. 
Panicled, Paniculate, arranged in panicles, or like a panicle. 
Pannose, covered with a felt of woolly hairs. 
' Papery, of about the consistence of letter-paper. 

Papiliomceous, butterfly-shaped ; applied to such a corolla as that of the Pea, 91. 
Pa/nlla (plural papillce), little nipple-shaped protuberances. 
Papillate, Papillose, covered with papillae. 
Pappus, thist.e-down. The down crowning the achenium of the Thistle, Groundsel, 

&c , and whatever in Compositae answers to calyx, whether hairs, teeth, or 

scales. 121. 
Papyraceous, like parchment in texture. 
ParaUel-vwted or nerved (leaves), 50. 
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Paraphfgei, ^!nted filaments mixed with ttie antheridia of Mo9f«e8 

Parasitic^ living as a parasite, i. e. on another plant or auimaJ, 37. 

Parenckemytout, composed of parenchyma. 

Parenchyma, soft cellular tissue of plants, like the green pulp of leaves, 139. 

Parietal (placentas, &c.)f attached to the walls {pnrit*e8) of the ovaiy. 

Paripinnatef pmnate with an even number of leaflets. 

Parted, separated or cleft into parts almost to the base, 55. 

ParthenogenesUj producing seed without fertilization. 

Partiiil involucre, same as an involucel; partial petiole, a division of a main Ieaf< 
stalk or the stalk of a leaflet; partial peduncle, a branch of a peduncle; par- 
tial unU)el, an umbellet, 76. 

Partition, a segment of a parted leaf; or an internal wall in an ovary, anther, &c. 

PatelliJ'oiin, disk-shaped, like th^pnttlla or kneeoan. 

Patent, spreading, open. Patulous, moderately s^ireading. 

Paud-, in composition, few ; as paucijlorovs, few-flowered, &c. 

Pear-shaped, solid obovate, the shape of a pear. 

Pectinate, pinnatifld or pinnately divided into narrow and close divisions, like the 
teeth of a comb. 

Pedate, like a bird's foot; palmate or palmately cleft, with the side divisions again 
cleft, as in Viola pedata, &c. 

Pedicel, the stalk of each particular flower of a cluster, 73. 

Pedicellate, PediceUed, borne on a pedicel. 

Pedalis, I^atin for a foot high or loni;. 

Peduncle, a flower-stalk, whether of a single flower or of a flower-cluster, 78. 

Peduncled, Pedunculate, furnished with a peduncle. 

Ptloria, an abnormal return to regularity and symmetry in an irregular flower; com* 
monest in Snapdragon. 

Peltate, shield-Mthaped ; said of a leaf, whatever its shape, when the petiole is at- 
tached to the lower side, somewhere within the margin, 53. 

Pelviform, basin-shaped. 

Pen/lent, hanging. Pendulous, somewhat hanging or drooping. 

Penicillate, Penicilliform, tipped with a tuft of tine hairs, like a painter's pencil; as 
the stigmas of some Grasses. 

Pennate, same as pinnate. Penninerved and Penniveined, pinnate'}' veined, 51. 

Penta' (m words of Greek composition), five; &s Ptntadtlphous, 99; Pentngynous, 
with five pistils or styles; Pentamerous, with its parts in fives, or on the plan of 
five; Pentandnms, having five stamens, 112; Ptntastichous, in five ranks, &c. 

Pepo, a fruit like the Melon and Cucumber, 119. 

Perennial, lasting from year to year, 38. 

Perfect '^ower), having both stamens and pistils, SI. 

Perfoliate, passing through the leaf, in appearance, 60. 

Perffirate, pierced with holes, or with transparent dots resembling holes, as an 
Orange-leaf. 

Peri-, Greek for around ; from which are such terms as 

Peri'tnth, the leaves of the flower cfillectively, 79. 

Pericarp, the ripened ovary; the walls of the fruit, 117. 

Pericarpic, belonging to the pericarp. 

Periyonium, Pent/one, same a- perianth, 

Periyyuium, bodies around the pi -til; applied to the closed cup or bottle-shapea 
body (of bracts) which encloses the ovary of Sedges, and to the bristles, little 
scales, ike, of the flowers <rf some other Cyper.iceaB. 

Perigynous, the petals and stamens borne on the calyx, 95, 99. 

Peripheric, around the cntside, or periphery, of any organ. 

Perifperm, a name for the albumen of a seed. 

Peristome^ the fringe of teeth to the spore-case of Mosse", 163, 

Persistent, remaining beyond the period when such parts commonly fall, as tb« 
leaves of evergreens, and the calyx of such flowers as persist during the growth 
of the fruit* 
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Personate J masked; a bilabiate corolla with a palate in the throat, 99. 

Pei-ttue, perforated with a hole or slit. 

Perulatef having scales {Perulcs), such as bud-scales. 

Pet^ pedU^ Latin for the foot or support, whence Longipes^ long-fitalked, &e. 

PttaXf a leaf of the corolla.* 14, 79> 

Petalody^ metamorphosis of stamens, &c., into petals. 

Petalaidj Petaline, petal-like; resembling or colored like petals. 

Petiole f a footstalk of a leaf; a leaf stalk, 49. 

Petiitledj Pethlate, furnished with a petiole. 

Petiidulate,, said of a leaflet when raised on its own partial leafstalk. 

■PetroitUf latin for growing on rocks. 

Phalanx, phalanges^ bundles of stamens. 

PkcBTiogamouSj or Phanerogamotis^ plants bearing flowers and producing Beeds. 

same as Flowering Plants. Phanogams, Phanerogams^ 10. 
PhlcBum, Greek name for bark, whence EndvphloBunif inner bark, &c. 
PhceniceiiuSf deep red verging to scarlet. 
Phycology^ the botany of Alg». 

Phyllocladia, branches assuming the form and function of leaves. 
Phyllodium (plural, phyllodia), a leaf where the seeming blade is a dilated petiole, 

as in New Holland Acacias, 61. 
Phyllome, foliar parts, those answering to leaves in their nature. 
Phyllon iplar&lj 2>hylla)f Greek for leaf and leaves; used in many compound terms 

and names. 
Phyllotaxisy or Phyllotaocy, the arrangement of leaves on the stem, 67. 
Physiological Botany, 9. 

Phytography, relates to characterizing and describing plants. 
Phyton, or Phytomer, a name used to designate the pieces which ty their repetition 

make up a plant, theoretically, viz. a joint of stem with its leaf or pair of leaves. 
Pileus of a mushroom, 172. 

Pili/erouSy bearing a slender bristle or hair (pilum), or beset with hairs. 
Pilose, hairy; clothed with soft slender hairs. 

Pinna^ a primary division with its leaflets of a bipinnate or tripinnate leaf. 
Pinnule, a secondary division of a bipinnate or tripinnate leaf, 66. 
Pinnate (leaf), when leaflets are arranged along the sides of a common petiole, 57. 
Pinnafefy lohed, cUfl, parted, divided, veined, 56. 
Pinnatijid, Pinnatisect, same as pinnately clelt and pinnately parted, 56. 
Pisi/bim, pea-shaped. 

Pistil, the seed-bearing organ of the flower, 14, 80, 105. 
Pistillate, having a pistil, 85. 

Pistillidium, the body which in Mosses answers to the pistil, 159, 164. 
Pitchers, 64. 

Pith, the cellular centre of an exogenous stem, 138. 

Placenta, the surface or part of the ovary to whLh the ovules are attached, 107. 
Placentiform, nearly same as quoit-shaped. 
Plaited (in the bud), or Plicate, folded, 72, 98. 

Platy-, Greek for broad, in compounds, such as Platyphyllous, broad-leaved, &c. 
Pleio-, Greek for full or abounding, used in compounds, such as Pleiopetalous, of 

many petals, &c. 
Plumbeus, lead-colored. 
Plumose, feathery; when any slender body (such as a bristle of a pappus or a style) 

is beset with hairs along its sides, like the plume of a feather. 
Plumule, the bud or first shoot of a germinating plantlet- above the cotyledons, 13 
Pluri-, in composition, many or several ; as Plurifoliolate, with several leaflets. 
Pod, specially a legume, 122; also may be applied to any sort of capsule. 
Podium, a footstalk or stipe, used only in Greek compounds, as (suffixed) LepUh 

podus, slender-stalked, or (prefixed) Podocephalus, with a stalked head« and 

in Podosperm, a seed stalk or funiculus. 
Pogon, Greek for beard, comes into various compounds. 
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PointleUf destitute of any pointed tip, sncli as a mtiero, avm, aemninaiionf &c. 

PoUeUj the fertilizing powder contained in tlie antlier, 14, 80, 103. 

PoUen-groujtk^ 117. PoUeni/trouSf pollen-bearing. 

Polhn-mass, PolUniumf the united mass of pollen, 104, as in liilkweed and Orchis. 

PoUicariSf Latin for an inch long. 

Pollinaiwn, the application of pollen to the stigma, 114. 

Poly-y in compound words of Greek origin, same as mvlU- in those of Latin ori^n 

viz. many, as 
Polyadelphous^ stamens united by their filaments into several bundles, 100. 
PiAyandrous, with numerous stamens (inserted on the receptacle), 100. 
PolycarpiCf term used by DeCandoIle in the sense of perennial. 
Polycotyledonous^ having many (more than two) cotyledons, as Pines, 23. 
Polygamous^ having some perfect and some unisexual flowers, 85. 
Pulygonalj many-angled. 
PolygynouSf with many pistils or stj'les, 106. 
PolymerouSj formed of many parts of each set. 
Polymorphous, of several or varying forms. 

Polypetalous^ when the petals are distinct or separate (whether few or many), 89. 
PolyphyllouSy many-leaved; Tormed of several distinct pieces. 
Pofysepalous, same as the last when applied to the calyx, 89. 
PvlyspermouSj many- seeded. 

Pomty the apple, pear, and similar fleshy fruits, 119. 
Pomiferouif pome-bearing. 
Porrecty outstretched. 

Posterior side or portion of a flower (when axillary) is that toward the axis, 96. 
Pouchy the silicle or short pod, as of Shepherd's Purse, 123. 
PrcBcocious (Latin, prcBcox)^ unusually early in development. 
Prafittratwny same as cBstivatiotiy 97. 
PrmfoUationy same as vtmatioHy 71. 
Prcsmorse, ending abruptly, as if bitten off. 
Pratensls, Latin for growing in meadows. 

PrickleSf sharp elevations of the bark, coming off with it, as of the Rose. 
Prickly, bearing prickles, or sharp projections like them. 
PiiminCf the outer coat of the covering of the ovule, 110. 
Priawrdialy earliest formed ; primordial leaves are the first after the cotyledonS' 
PiismatiCy prism-shaped ; having three or more angles bounding flat sides. 
ProcerotUj tall, or tall and slim. 

Process f any projection from the surface or edge of a body. 
Procumbent, trailing on the ground, 39. 
Procurrent, running through but not projecting. 
Produced, extended or projecting ; the upper sepal of a Larkspur is produced above 

into a spur, 87. 
Proliferous (literally, bearing offspring), wh'^re a new branch rises from an oldei 

one, or one head or cluster of flowers out of another. 
Propaculum or Pnpagulun, a shoot for propagation. 
Prosenchyma, a tissue of wood-cells. 
Prostrate, lying flat on the ground, 39. 

Protandrous or Proterandrous, the anthers first maturing, 110. 
Proternnthous, flowering before leafing. 

Proterogynous or Protogynous, the stigmas first to mature, 116. 
Prothallium or Prothallus, 160. 

Protoplasm^ the soft nitrogenous lining or contents, or living part, of cells, 139. 
Protos, Greek for first; in various compounds. 
Pndnose, Pruinate, frosted; covered with a powder like hoar-frwit. 
Pseudo-, Greek for false. Pseudo-bulbf the aerial corms of epiphytic Orchids, &e, 
Psilos, Greek for bare or naked, used in many compounds. 
Pteridophyta^ Pteridophytes, 166, 
Pi^eris, Greek for wing, and general name for Fern, enters into many compounds. 
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Pubendentf ooTered with fine and short or almost imperceptible down. 

Puihscent. hairy or downy, et^pecialiy with fine and soft hairs or jnib€teenc0<. 

Pulverultnt or Pulveraceous^ as if dusted with fine powder. 

Pulvinate^ cushioned, or shaped hl^e a cusliion. 

PumiltUf low or little. 

Punctate, dotted, either with minute holes or what look as socb. 

lhn/(^culate, minutely punctate. 

Vungtnty priclcly-tipped. 

Puniceous, carmiiie-red. 

PurpureuSj originally red or crimson, more used for duller or bloish-rod. 

PtuiliuSf weaic and small, tiny. 

Putamenf the stone of a drupe, or the shell of a nut, 120. 

PygnuBua, Latin for dwarf. 

Pyramidal, shaped like a pyramid. 

Pyrene, Pyrena, a seed-like nutlet or stone of a small drupe. 

Pyrijbrtn, pear-sliaped. 

Pyxidau, furnished with a lid. 

^jiaii, Pyxidium^ a pod opening round horizontally by a lid, 124. 

i2tt«/rj-, in words of Latin origin, four; as Quadrangvlar, four-angled; Qitadrf 
Joliattf four-leaved; Quadrifid, four-cleft. QuaternaU in fours. 

Qainate, in fives. Quinque, five. 

(ttincuncial, in a quincunx; wlien the parts in aestivation are five, two of them 
outside, two inside, and one half out and half in. 

tH^intuple, five-fold. 

Hace, a marked variety which may be perpetuated from seed, 176. 

Isacemcj a fiower-cluster, with one-flowered pedicels arranged along the sides of i 

general peduncle, 73. 
/tacemose, bearing racemes, or raceme-like. 
Hacnts, see rkachU, 
Radial, belonging to the ray. 
Radiate, or Radiant, furnished with ray-fiowers, 94. 
Radiate-veined^ 52. 

Radical, belonging to the root, or apparently coming from the root. 
Radicant, rooting, taking root on or above the ground. 
Radicels, little roots or rootlets. 

Radicle, the stem part of the embryo, the lower end of which forms the root, 11, 127* 
Rameal, belonging to a branch. Ramose, full of branches (ramt). 
Ramentaceous, beset with thin chaffy scales {Ramenta), as the stalks of many Ferns. 
Ramification, branching, 27. 
Ramulote, full of branchlets (ramuli), 
R'fphe, see rhnphe, 
Ray, parts diverging from a centre, the marginal flowers of a head (as of CoreopBis, 

94), or cluster, as of Hydrangpa (78), when different from the rest, especially 

when ligulate and diverging (like rays or sunbeams); also the branches of an 

umbel, 74. 
Rny-flowers, 94. 
Recrptncfe, the axis or support of a flower, 81, 112; also the common axla or sup 

port of a head of flowers, 73. 
Reclined, turned or curved downwards; nearly recumbent. 
Rectinerved, with straight nerves or veins. 
Recurved, curved outwards or backwards. 

Reduplicate (in restivation), valvate with the margins turned outwaidp. ^ 
Reftexed, bent outwards or backwards. 
Refracted, bent suddenly, so as to appear broken at the bend. 
Regular, all the parts similar in shape, 82. 
Bewybrm, kidney-shaped, &3. 
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Repandf wayy-maTgined, 55. 

Repent, creeping, i. e. prostrate and rooting underneath. 

Btplum, the frame of some pods (as of Pricklj Poppy and Cress), persistent after 

the valves fall away. 
Reptantf same as repent. 

Reaupinatef inverted, or appearing as if npside down, or reversed. 
Reticulatedf the veins fonning network, 50. Beti/orm, in network. 
Reiinei'vedf reticulate-veined. 
Retrqflexedf bent backwards ; same as reflexed, 
RetusCf blunted ; the apex not only obtuse but somewhat indented, 54. 
Revolute, rolled backwards, as the margins of many leaves, 72. 
RhachU (the backbone), the axis of a spike or other bodj', 73. 
Rhaphe, the continuation of the seed-stalk along the side of an anatropous ovule or 

seed, 112, 126. 
Rhaphldts, crystals, especially needle-shaped ones, in the tissues of plants, 137. 
Rhiz'tnthous, flowering from the root. 
Rhizomity Rhizome, a rootstock, 42-44. 

Rhombic, in the shape of a rhomb. Rhomboidal, approaching that shape. 
Rib, the principal piece, or one of the principal pieces of the framework of a leaf, 

or any similar elevated line along a body, 49, 50. 
Rimose, having chinks or crncks. 
Ring, an elastic band on the spore-cases of Ferns, 159. 
Ringent, grinning; gaping open, 92. 
Riparious^ on river-banks. 

Rivnlis, Latin for growing along brooks; or Rivulai-is, in rivulets. 
Root, 33. 
Root-hairs, 35. 

Rootlets, small roots, or root-branches, 33. 

Roottttoch, root-like trunks or portions of stems on or under ground, 42> 
Roridits^ dewy, 

Romc*'outt, arranged like the petals of a rose. 
Rostellnte, bearing a small beak {Ronteilum), 
Rostrate, bearing a beak (Rostrvm) or a prolonged appendage. 
Rosulate, in a rosette or cluster of spreading leaves. 
Rotate, wheel-shaped, 89. 
Rotund, rounded or roundish in outline. 

Ruber, Latin for red in general. Rubescent, Rubicund, reddish or blushing. 
Rudimentary, imperfectly developed, or in an early state of development. 
Rufous^ Riifescent, brownish-red or reddish-brown. . 
Rugose, wrinkled; roughened with wrinkles. 
Ruminated (albumen), penetrated with irregular channels or portions, as a nutmeg, 

looking as if chewed. 
Runcinate, coarsely saw-toothed or cut, the pointed teeth turned towards the base of 

the leaf, as the leaf of a Dandelion. 
Runner, a slender and prostrate branch, rooting at the end, or at the joints, 40< 

Sabulose, growing in sand. 

Sac, anv closed membrane, or a deep purse-shaped cavity. 

Saccate, sac-shaped. 

Sagittate, arrowhead-shaped, 53. 

Snlsuginous, growing in brackish soil. 

Salver-shaped, or Salver-form, with a border spreading at right angles to a slendei 

tube, 89. 
Samara^ a wing-fruit, or key, 122. 
Samaroid, like a samara or kev-fruit. 
Sap, the juices of plants generally, 136. Sapwood, 143. 
Saprophytes^ 37. 
Sarcocarp, the fleshy part of a stone-fruit, 120. 
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Barmentaeeaus^ Sarmeniote, bearing long And flexible twigs {8armeiiit\ eiihei 

spreading or procumbent. 
Saw-toothed^ see serrate, 55. 
ScabrotUj rough or harsh to the touch. 

Scalan/orm^ with cross-bands, resembling the steps of a ladder, 184. 
ScaleSf of buds, 28 ; of bulbs, &c., 46. 
Scalloped^ same as crenatey 55. 
ScaXy^ furnished with scales, or scale-like in texture. 
Scandentf climbing, 39. 

Scnpty a peduncle rising from the ground or near it, as iu many Violeta 
8capi/drmj scape-like. 
Scapigerotu^ scape-bearing. 
Scar of the seed, 126. Lea/scan^ 27, 2S. 
Scarious or Scnriose, thin, dry, and membranous. 
ScioHf a shoot or slip used for grafting. 
Scleras^ Greek for hard, hence SclerocarpottSf hard-fruited. 
Scobiform, resembling sawdust. 

Scorpioid or Scorpioidal^ curved or circinate at the end, 77. 
Scrubiculatef pitted; excavated into shallow pits. 

Scurfs Scurfiness, minute scales on the surface of many leaves, as of GkNMefooL 
Scutate, Scutiform, buckler-shaped. 

Scutellate, or Scutelliform, saucer- shaped or platter-shaped. 
Secund, one-sided ; i. e. where flowers, leaves, &c., are all turned to one side* 
Secundme, the inner coat of the ovule, 110. 
Seed, 125. Seed-leaves, see cotyledons. Seed-vessel^ 127* 
Segment^ a subdivision or lobe of any cleft body. 
Segregate, separated from each other. 
Semi-, in compound words of Latin origin, half; as 
Semi-adherent, as the calyx or ovary of Purslane ; Semicnrdate, half-heart-shapea 

Semilunar, like a half-moon; Semiovate, half-ovate, &c. 
Seminal, relating to the seed {Semen). Seminiferous^ seed-bearing. 
Sempervirent, evergreen. 
Sensitiveness in plants, 149, 152. 
Senary, in sixes. 

Srpal, a leaf or division of the calyx, 14, 79. 
Sepaloid, sepal-like. Sepnline, relating to the sepals. 
Separated Flowers, those having stamens or pistils only, 85. 
Septate, divided by partitions. 
Septennte, with parts in sevens, 

Septicidal, where dehiscence is through the partitions, 123. 
Septlfercus, bearing the partition. 

Septifragal, where the valves in dehiscence break away from the partitions, 123 
Septum (plural septa), a partition or dissepiment. 
Serial, or Seriate, in rows ; as biserial, in two rows, &c. 
Sericeous, silky; clothed with satiny pubescence. 
Serotinous, late in the season. 

Serrate, the martrin cut into teeth (Serratures) pointing forwards, 65. 
Seri'ulate, same as the last, but with fine teeth. 
Sessile, sitting; without any stalk. 

Sesqui-, Latin for one and a half; so Sesquipedalis, a foot and a half long. 
Seta, a bristle, or a slender body or appendage resembling a bristle. 
Setaceous, bristle-like, Setifo'm, bristle-shaped. 
Setigerous, bearing bristles. Setose, beset with bristles or bristly hairs. 
Setula, a diminutive bristle. Setnlose, provided with such. 
Sex, six. Sexangular, six-angled. Sexfariaus, six-faced. 
Sheath, the base of such leaves as those of Grasses, which 
Sheathing, wrapped round the stem. 
Bhield-shaped, same as scvlate, or as peltate, 53. 
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Shrtibf ShrfMtfy 89. 

Sieve-ctlUf 140. 

Sigmoid, curved in two directions, like the letter S, or the Greek tigma, 

8Uicl€y a pouch, or short pod of the Cress Family, 123. 

8iliculo$t, bearing a silicle, or a fruit resembling it. 

Siligue^ capsule of the Cress Family, 123. 

BUiquose, bearing siliques or pods which resemble siliques. 

Silky^ glossy with a coat of tine and soft, close-pressed, straight hairs. 

Silvtr-grainf the medullary rays of wood, 139. 

Silvery, shining white or bluish-gray^ usually from a silky pubescence. 

Simple, of one piece ; opposed to compound, 

Sinistro7'te, turned to the left* * 

Sinuate, with margin alternately bowed inwards and outwards, 55. 

Sinus, a recess or bay; the re-entering angle between two lobes or projections. 

Sleep of Plants (so called), 151. 

Smooth, properly speaking not rough, but often used for glabrous, i. e. not pa 

bescent. 
Soboli/erous, bearing shoots (Soboies) from near the ground. 
Solitary, single ; not associated with others. 
Surdvi, dull or dirty in hue. 
Sorediate, bearing patches on the surface. 
Sorosis, name of a multiple fruit, like a pine-apple. 
Sorus, a fruit-dot of Ferns, 159. 
Spadiceous^ chestnut-colored. Also spadix-bearing. 
Spadix, a fleshy spike of flowers, 75. 
Span, the distance between the tip of the thumb and of little finger oatstretched, six 

or seven inches. 
Spathaceous, resembling or furnished with a 
Spaihe, a bract which inwraps an inflorescence, 76. 
Spatulate, or Spathulate, shaped like a spatula, 52. 
Species, 175. 
Specific Names, 179. 
Specimens, 184. 

Spermaphore, or Spermophore, one of the names of the placenta. 
Spermum, Latin form of Greek word for seed; much used in composition. 
Spica, Latin for spike; hence Spicate, in a spike, Spiciform, in shape resembling a 

spike. 
Spike, an inflorescence like a raceme, only the flowers are sessile, 74. 
Spikelet, a small or a secondary spike; the inflorescence of G^tisses. 
Spine, 41, 64. 

Spindle-shaped, tapering to each end, like a radish, 36. 
Spinescent. tipped b}' or degenerating into a thorn. 
Spinose, or Spiniftrous, thorny. 
Spiral Vessels or ducts^ 135. 

Spithameoiu, span-high. l 

Spora, Greek name for seed, used in compound words. 
Sporadic, widely dispersed. 
Sporangium, a spore-case in Ferns, &c., 158. 
Spore, a body resulting from the fructification of Cryptogamous plants, in them 

the analogue of a seed. 
Spore-case (Sporangium), 158. 
• Sporocarp, 162. 

Spott, a newly appeared variation, 176. 
Sporule, same as a spore, or a email spore. 
Spumescent, appearing like froth. 
Spur, any projecting appendage of the flower, looking like a spur but hollow, as 

that of Larkspur, fig. 239. 
Squamate, Squamose^ or S^uamaceous. furnished with scales (squamcs) 
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BquameUatef or Squamulose, famished with little scales {SqiiamellcB, or Sqttamulm), 

S(/uamiJorm^ shaped like a scale. 

8quarro$e, where scales, leaves, or any appendages spread widely froEQ the axis on 

which they are thickly set. 
Squarruhsef diminutive of tquarroae ; slightly sqaarrose. 
Btachyt, Greek fur spike. 

Stalky the stem, petiole, peduncle, &c., as the case may be. 
Stamen, 14, 80, 98. 

Stamxnate, furnished with stamens, 86. Stamineal, relating to the stamens. 
Btaminodiumy an abortive stamen, or other body in place of a stamen. 
Standard, the upper petal of a papilionaceous corolla, 92. 
Starch, 136, 163. 

Station, the particular kind of situation in which a plant naturally occurs. 
Stellate, Stellular, starry or star-like; where several similar paits spread out from 

a common centre, like a star. 
Stem, 39. Stemlet, diminutive stem. 
Stemless, destitute or apparently destitute of stem. 
Stenot, Greek for narrow ; hence Stenophyllous, narrow-leaved, &c. 
Sterile, barren or imperfect. 

Stiyiaa, the part of the pistil which receives the pollen, 14, 80, 105. 
Stitjmatic, or Stigmatose, belonging to the stigma. 
Stipe (Latin Stipes), the stalk of a pistil, &c., when it has any, 112; also of a Fern, 

158, and of a Mushroom, 172. 
Stipel, a stipule of a leaflet, as of the Bean, &c. 
Sfipellate, furnished with stipels, as in the Bean tribe. 
Stipitate, furnished with a stipe. 

Stipulaceous, belonging to stipules. Stipulate, furnished with stipules. 
Stipules, the appendages one each side of the base of certain leaves, 66. 
Stirps (plural, stirpes), Latin for race. 
Stuck, used for race or source. Also for any root-like base from which the herb 

grows up. 
Stole, or Stolon, a trailing or reclined and rooting shoot, 40. 
Stolornferous, producing stolons. 

Stomate (Latin Stoma, plural Stomata), the breathing-pores of leaves, 144. 
Stone-fruit, 119. 
Storage-leaves, 62. 

Stramineous, straw-like, or straw-colored. 
Strap-shaped, long, flat, and narrow. 

Striate, or Striated, marked with slender longitudinal grooves or stripes. 
Strict, close and narrow; straight and narrow. 

StriyUlose, Strigose, beset with stout and appressed, stiff or rigid bristles. 
Strobilaceous, relating to or resembling a str)bile. 
Strobile, a multiple fruit in the form of a cone or head, 124. 
Strombuli/urm, twisted, like a spiral shell. 

Strophiole, same as caruncle, 126. Strophiolate, furnished with a strophiole 
Struma, a wen; a swelling or protuberance of any organ. 
Strumose, bearing a struma. 
Stupose, like tow. 

Style, a stalk between ovary and stigma, 14, 80, 105. 
Styliferous, Stylvse, bearing ptj'les or conspicuous ones. 
Stylopodium, an epigynous disk, or an enlargement at the base of the style. 
Sub-, as a prefix, about, nearl}', somewhat; as Subcordate. slightly cordate; Stid6er> 

rate, slightly serrate ; Svbnxillary, just beneath the axil, &c. 
Subclass, Suboi'der, Subtribe, 178. 
Suberose, corky or cork-like in texture. 

Subulate, awl-shaped; tapering trom a broadish or thickish base to a sharp point 
Succise, as if cut off at lower end. 
Succubous, when crowded leaves are each covered by base of next above. 



GLOSSARY AND INDEX. 22a 

Suchert, shoots from subterranefln branches, 39. 

Suffi'utescefUf slightly shrubby or woody at the base only, 89. 

SuffnOicuu^ rather more than suffrutescent, 37, 39. 

Bulcate^ grooved longitudinally with deep furrows. 

Superior, above, 96; sometimes equivalent to posterior, 96. 

Supernumerary Buds, 30, 31. 

Bupervoluie, plaited and convolute In bud, 97* 

Supine, lying flat, with face upward. 

Supra-axiUary, borne alK>ve the axil, as some buds, 31. 

Supra-decompound, many times compounded or divided. 

Surculose, producing suckers (Surculi) or shoots resembling them. 

Sutpended, hanging down. Suspended ovules or seeds bang from the very summit 

of the cell which contains them. 
Suturalj belonging or relating to a suture. 

Suture^ the line of junction of contiguous parts grown together, 106. 
Sioord-shapedf applied to narrow leaves, with acute parallel edges, tapering above. 
Syconium^ the fig-fruit, 124. 
Syhtstnne, growing in woods. 

Symmetrical Flower, similar in the number of parts of each set, 82. 
SympetaUmSy same as gamopetalous. 
Sympode, Sympodium, a stem composed of a series of superposed branches fn such 

a way as to imitate a simple axis, as in Grape-vine. 
Synantherous or SyngenedouB, where stamens are united by their anthers, 100. 
SyncarpttuB (fruit or pistil), composed of several carpels consolidated into one. 
Synonym^ an equivalent superseded name. 
Synfepalous, same as gamosepalous. 
System (artificial and natural), 182, 183. 
Systematic Botany f the study of plants after their kinds, 9. 

Tahescent, wasting or shrivellmg. 

Tally any long and slender prolongation of an organ. 

Tapet^pointed, same as acuminate, 64. 

Tap-root, a root with a stout tapering body, 32-35. 

Tawny, dull yellowish, with a tinge of brown. 

Taxonomy, the part of botany which treats of classification. 

Tegmen, a name for the inner seed-coat. 

Tendril, a thread-shaped organ used for climbing, 40. 

Terete, long and round; same as cylindrical, only it may taper. 

Terminal, borne at, or belonging to, the extremity or summit. 

Terminoloffy treats of technical terms; same as Glossology, 181. 

Ternate, Ternately, in threes. 

TesseUate, in checker-work. 

Testa, the outer (and usually the harder) coat or shell of the seed, 125. 

Testaceous, the color of unglazed pottery. 

TetrO' (in words of Greek composition), four; as, Tetrncoccous^ of four cocci. 

Tetradynamous, where a flower has six stamens, two shorter than the four, 101. 

Tetragonal, four-angled. Tetrngynous, with four pistils or styles. Tetramerouk 

with its parts or sets in fours. Tetrandrous, with four stamens, 100. 
Tetraspore, a quadruple spore, 169. 

ThalamaflorouSy with petals and stamens inserted on the torus or Thalamui. 
Thallophyta, Thallophytes, 165. 
Thallus, a stratum, in place of stem and leaves, 165. 
Theca, a case; the cell;* or lobes of the anther. 
Thecaphore, the stipe of a carpel, 113. 
Thorn, an indurated pointed branch, 41, 42. 
Thread-shaped, slender and round or roundish, like a thrend. 
Throat, the opening or gorge of a monopetalous corolla, &c., where the border and 

file tube ioin, and a little below. 80. 
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Thyrse or Thyrsus^ a compact and p\n^niida1 panicle of cymes or cymnles, 79. 

Tomtntose, clothed with matted woolly hairs {tumtntum). 

Tongue-shaped J long and Hat, but thickish and blunt. 

Toothtdf furnished with teeth or short projections of any sort on the margin ; used 

especially when these are sharp, like saw-teeth, and do not point forwards, 55. 
Tops/tapedj shaped like a top, or a cone with apex downwards. 
Torose, Toruluse^ knobby; where a cylindrical body is swollen at intervals. 
ToruSf the receptacle of the Hower, 81, 112. 
Tracheay a spiral duct. 

Trachys, Greek for rough; used in compounds, as, TrachyspermouSf rough-seeded. 
Transotrse, across, standing right and left instead of fore and aft. 
Ti-i- (in composition), three; as, 

THadtlphouSj stamens united by their filaments into three bundles, 99. 
TriatidrouSf where the flower has three stamens, 112. 
Tribe, 178. 

Trichome, of the nature of hair or pubescence. 

TrtchutumouSf three-iforked. TiitoccouSf of three cocci or roundish carpels. 
Tncolor, having three colors. Tt-icostdte, having three ribs. 
Tticuspiitate, three-pointed. Tridentatef three-toothed. 
Triennial f lasting for three years. 
TriJttriouSy in three vertical rows; looking three ways. 
Tiijid, three-cleft, 56. 

Trifoliate^ three-leaved. Tnfoliolatej of three leaflets. 
Tnfurcate^ three-forked. TriyommSj three-angled, or triangular. 
Tiigynovs, with three pistils or styles, 116. Tiijugatef in three pairs (jugi). 
Trilobed or Trilobate^ three-lobed, 55. 
Trilocuhir^ three-celled, as the pistils or pods In fig. 328-330. 
TrimerouSj with its parts in threes. Trimorpfiism, 117. Trimorphic or Trimor- 

pkous, in three forms. 
Trinejifntef three-nerved, or with three slender ribs. 
Ti-icedouSy where there are three sorts of flowers on the same or different indlvid- 

nal-*, as in Red Maple. A form of Polygamous. 
Tripartible, separable into three pieces. Tripartite, three-parted, 55. 
Tripetnlous, having three petals. 
Triphyllous, three-leaved; composed of three pieces. 
Tripinnnte, thrice pinnate, 59. Tripinnatijid, thrice pinnately cleft, 57. 
Triplf~i-ibbed, Tnple-nervtdy &c., where a midrib branches into three, near the base 

of the leaf. 
Triquetrous, sharply three-angled; and especially with the sides concave, like a 

bavonet. 

ftr 

Ti-i serial , or Triseiiate, in three rows, under each other. 

TristichtuSf in three longitudinal or perpendicular ranks. 

Tristigmatic, or Tristiymntose, having three stigmas. 

Trisulcate, three-grooved. 

Triternnte, three times ternate, 59. 

Trivial Name, the specific name. 

Trochlear, pulley-shaped. 

Trumpet-shaped, tubular; enlarged at or towards the summit 

Truncate, as if cut off at the top. 

Trunk, the main stem or general boJy of a stem or tree. 

Tube (of corolla, &c.). 89. 

Tuber, a thickened portion of a subterranean stem or branch, provided with eyef 

(buds) on the sides, 44. 
Tubercle, a small excrescence. 

Tuhercled, or Tubercuhte, bearing excrescences or pimples. 
TubcBform, tnimpet-phap'd. 

Tuberous, resembling a tuber. Tuberiferous, bearing tubers. 
Tubular, hollow and of an elongated form; hoUuwed like a pipe, 91. 
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TubuliJlorotUf bearing only tubular flowers. 

Tunicate^ coaled; invested with layers, as an onion, 46. 

TurbtnaUf top-shaped. 

Tuiio (plural turionet), strong young shoots or suckers sprin^g oat of the ground 

as Asparagus-shoots. 
Tuifiipshapedf broader than high, abruptly narrowed below, 35. 
Tioininffj a.Hcendtng, by coiling round a support, 39. 
Type, the ideat pattern, 10. 
Typical, well exemplifyiug the characteristics of a species, genus, &c 

Uliginose, growing in swainps. 

Utubtl, the umbrella-like ffrm of inflorescence, 74. 

Umbellate, in umbels. Undtellijeruvs, bearing umbels* 

UmbtlUt {umbellula)^ a secondary or paitial umbel, 76. 

Umbiiicatef depressed in the centre, like the ends of an apple; with a navel. 

Umbonatey bossed; furnished with a low, rounded projection like a boss (umbo) 

Umbraculiform, umbrella-shaped. 

Unarmtd, destitute of opines, prickles, and the like. 

Unciftl, an inch {uncia) in len^h. 

Undnatty or Uncate, hook-shaped ; hooked over at the end. 

Undershrubf partially shrubby, or a very low shrub. 

Undulate, or Undate, wavy, or wavy-margiiied, 65. 

Unequally pinnate y pinnate with an odd number of leaflets, 65. 

Unguiculfite, furnished with a claw {unguis), 91. 

Uni-y in compound. words, one; as Unictlluln r, one^elled, 

Uniflorous, one-ilowered. UnifoUate, one-leaved, 

Unijoliolate, of one leaflet, 59. Unijuyat-iy of one pair. 

UnUnbiatey one-lipped. Unilatend, one-sided. 

UnHoculary one-celled. UniomUate, having only one ovule. 

Uniseiitily in one horizontal row. 

Unisexualy having stamens or pistils only, 85. 

Univalvedy a, pod of only one piece after dehiscence. 

Un*ymmetric(d Flowers, 86. 

Urceotale, urn-shaped. 

UtricUy a small thin-walled, one-seeded fruit, as of Goosefoot, 121. 

Utricular, like a small bladder. 

Vaginatty sheathed, surrounded by a sheath {vagina). 

Valve, one of the pieces (or doors) into which a dehiscent pod, or any similar body 
splits, 122, 123. 

Vaivnte, Valvular, opening by valves. Vafvate, in sestivation, 97. 

Va^rietyy 176. 

Vascular, containing vessels, or consisting of vessels or ducts, 134. 

Vascular Cryptogams, 156. 

VauUetly arched ; same asfomicn/e, * 

Vegetable Life, &c., 128. Vegetable anatomyy 129. 

Veins, the small ribs or branches of the framework of leaves, &c., 49, 50. 

Veined, Veiny, furnished with evident veins. VeifUtss, destitute of veins. 

VeinUts, the smaller ramifications of veins, 60. 

Velate. furnished with a veil. 

Vehtiuous, velvety t^^ the touch. 

Venation, the veining of leaves, &c., 50. 

Venennte, poisonous. 

Venose, veiny; furnished with conspicuous veins. 

Vtntral, belonging to that side of a simple pistil, or other organ, which looks to- 
wards the axis or centre of the flower; the opposite of dorsal; as the 

Ventral Suture, 106. 

Ventricose, inflated or swelled oat on one side. 

16 
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Venul'W, furnished with reiulets. 

Vtrmiculnr, wonn-Iike, shaped like worms. 

Vtifi'il^ belonging to spring. 

Vtrnatttm^ tlie arrangement of the leaves In the bud, 71. 

Veifiicose, the surface appearing as if varnished. 

Venucoie^ warty; beset with little projections like warts. 

Verm/ile^ attached by one point, so that it may swing to and fro, ICQ. 

Vertex^ same as apex. 

Vertical, upright, perpendicular to the horizon, lengthwise. 

VertiC'ly a whorl, 08. Verticillattf whorled, G8. 

Vcrticillaster, a false whorl, formed of a pair of opposite C3'me8. 

Vesicul'tr^ bladdery. 

Vtmpertiiie^ appearing or expanding at evening. 

Vessels, ducts, &c., 134. 

VexUlat-y, Vexillar, relating to the 

Vexillum, the standard of a iiapiiicnaceous flower, 92. 

Villose, hhaggy with long and soft hairs ( Vitlosity), 

Vimlnettu*^ producing slender twigs, such as those used for wicker-work. 

Vine, in the American use, any trailing or climbing stem; as a Grape-vine 

Viietcent, V ir idrscent^ green\nh; turning green. 

Viryntt, wand-shape; as a long, straight, and slender twig. 

Vlicou8j Viscid, having a glutinous surface. 

Vitta (plural vittcB), the oil-tubes of the fruit of Umbelliferss. 

ViteUney yollow, of the hue of yolk of egg. 

Viviparous, sprouting or genninating while attached to the parent frfant. 

Voluble, twining; as the stem of Hops and Beans, 39. 

Volute, rolled up in any way. 

W'jvy, the surface or margin alternately convex and concave, &5. 

Waxy, resembling beenwax in texture or appearance. 

Wetlf/r~sh"pefi, broad above, tapering by straight lines to a narrow iiaae, 6S 

WhetUhaped, 89. 

Whorl, an arrangement of leave**, &c., in circles around the stem. 

Wliorltd, arranged in whorU, 68. 

Winy, any membranous expansion. Wings of papilionaceous flowers, 99. 

Wtnyed, furnished with a wing; as the fruit of Ash and Elm, fig. 300, 301 

Wood, 133, 142. Woody y of the texture or consisting of wood. 

W'lotly Fibre, or WiMnl-CtUs, 134. 

Woolly, clothed with long and entangled soft hairs. 

Work in plants, 149, 155. 

Xnnthos, Greek for yellow, used in compounds ; as Xanthocarpus, yellow-frnited. 

Zygomorphcuij said of a flower which can be bisected only in one plane into simiUu 
jkalves. 
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